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Abstract 
The modes of transportation to school for elementary school students have changed 
during the past forty years. Along with the significant decrease in walking and biking, 
passenger vehicle has become the dominant mode, which may induce traffic operation or 
safety problems around schools, and also impact trip generation rates/equations. The ITE 
Trip Generation provides trip generation rates/equations for Elementary School based on 
nationwide data since 1960s. Because of the possible inconsistency of old and new data, and 
the different character oflowa with many other states, ITE rates/equations for Elementary 
School need calibrations for local use in Iowa. In this study, trip generation data were 
collected at twenty-three elementary schools in Iowa urbanized and suburbanized areas 
during school peak hours. Trip generation characteristics were analyzed for the schools built 
before 1980 and those after. Weighted average trip generation rates/equations in peak hours 
were calculated based on the number of students and the number of employees for older, 
newer and all schools. Multiple linear regression analyses were conducted based on several 
socio-economic factors possibly impacting trip generation at elementary schools. Since the 
results indicated significant differences between ITE rates and the calculated student-based 
rates, local student-based trip generation rates were recommended while ITE employee-based 
rates were still valid for local use in Iowa. Differences between older and newer schools were 
also proved in terms of student-based morning peak hour rate, transportation mode 
distribution and morning peak character. In addition, off-site drop-off/pick-up trips were 
found significant for older schools but not for newer schools in impacting traffic operation 
and safety status around schools as well as estimation of actual school zone activities. 
Chapter 1. Introduction 
1.1 Background 
Accommodating and approving new site developments is a common component in 
transportation planners' works. In order to assess the site impact of these new developments, 
traffic engineers often have the responsibilities to estimate future traffic volumes which 
transportation improvements in the surrounding area of these developments are based on. 
Trip Generation estimation is a fundamental component of this site impact analysis process. 
As defined by the Institute of Transportation Engineers (ITE, 2003), Trip Generation 
is "the number of trips that may be generated by a specific land use". In order to estimate trip 
generation for a proposed specific land use development, trip generation studies have been 
conducted and trip generation rates and equations have been developed by a number of 
agencies and organizations for a variety of specific land uses. The ITE publication, Trip 
Generation (ITE, 2003), represents a compilation of these data throughout the United States 
and Canada since the 1960s and is the foremost reference in determining the trip generation 
rates of specific land uses. 
According to ITE, the specific land uses are classified by land use codes. The trip 
generation studies for these different land uses are conducted based on the basis of 
independent variables which are physical, measurable, and predictable units describing the 
study site or generator (e.g., gross floor area, employees, etc). 
1.2 Problem Statement 
This research is focusing on a specific land use "Elementary School". According to 
Trip Generation (ITE, 2003), elementary schools typically serve students attending 
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kindergarten through the fifth or sixth grade and there are no student drivers. Consistent with 
these characteristics of elementary schools, bus trips, walking and biking were the 
predominant transportation modes for students. In 1969, 48% of students aged 5 to 15 
nationally walked or biked to school and 37% took school buses (FHWA, 1972). However, 
the character of trip-making at elementary schools has changed significantly in recent years 
while the population density, household structure, economic and other related factors have 
changed through years. Current trip-making is characterized by automobile trips with 
children being dropped off by parents. According to the report by Federal Highway 
Administration (FHW A, 2002), in 1995, more than 50% of students aged 5 to 15 were 
dropped off or picked up by private vehicles while less than 12% of students walked to 
school, and the number of students taking school buses was 35% of total which did not 
change much through years. Figure 1-1 shows the percentage of students walking to school 
based on 1969, 1977, 1990 and 1995 Nationwide Personal Transportation Survey (NPTS) 
data reported by FHWA (1972) and the Center for Disease Control (Sturm, 2005). An 
obviously decreasing trend in walking is shown. Figure 1-2 illustrates the transportation 
mode distribution for students' trips to school based on 1969, 1983, 1990 and 1995 NPTS 
data reported by FHWA (1969, 2002). Along with a 36% decrease of walking trips, 
automobile trips increased by 40% from 12% in 1969 to 52% in 1995. 
Although these data include both students from elementary school and middle school, 
since middle school students have similar characteristics with the elementary school students 
in transportation mode which could be proved by NPTS data (FHW A, 1972), Figure 1-1 and 
1-2 can generally represent the tendency of transportation mode changes for elementary 
school students that this study is focusing on. 
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Resulted by the significant increase in automobile trips to elementary school as 
percentage of school trips, roadways around some schools are plagued with queuing and 
traffic congestion during school start and dismiss times since some school campuses were not 
designed to handle the increasing volumes of traffic entering and exiting school sites. In 
order to help mitigation these traffic operation and possible safety problems around 
elementary schools, how the increase in automobile trips impact on the traffic operation and 
safety status around elementary schools need to be evaluated. 
In addition, as references for planners to estimate future traffic around a proposed 
new development, trip generation rates provided by ITE (2003) for elementary schools were 
based on nationwide data dated from the earliest 1966 to the most recent 2002. Although ITE 
compared the rates based on pre-1973 data and those based on post-1973 data in 1982 and 
found no significant differences between the two sets of rates for all land uses, during the 
past forty years, the increasing automobile trips to elementary schools may have increased 
total trips entering and exiting the schools, resulting in changes in the trip generation rates for 
elementary schools through years. In addition, this research is only focusing on the 
elementary schools in the State of Iowa, and Iowa is generally a rural-based state which is 
different with many of other states. As a result, whether the trip generation rates provided by 
ITE based on nationwide data since 1960s are valid to be used for future development of 
Iowa elementary schools is necessary to be calibrated. 
1.3 Project Objectives 
The purpose of this research was to identify the differences between the trip 
generation rates for elementary schools in Iowa and the rates provided by ITE (ITE, 2003), 
5 
and based on the results to give references for planners to incorporate the future elementary 
school development in Iowa. In addition, this research identified the current trip-generation 
characteristics around elementary schools in Iowa and evaluated the impact this has on 
mitigation of current traffic operation and safety problems around elementary schools. This 
research only focused on the morning drop-off and afternoon pick-up peak periods since the 
traffic during each of these two peak periods usually account for 20 ~ 30% of the total daily 
trips at schools according to ITE Trip Generation data (2003) and most traffic operation and 
safety problems around school zones occur during these peak periods. In order to accomplish 
all these purposes, the following objectives were identified: 
• Review literatures about previous studies on schools 
• Design a research plan 
• Conduct data collection at selected sites 
• Analyze the trip-generation characteristics during morning and afternoon peak 
periods 
• Calculate the trip generation rates based on the collected data 
• Compare the calculated trip generation rates with the rates provided by ITE 
• Find "best fit" single-variate regression equations for collected local trip 
generation data based on two socio-economic variables about the schools. 
• Conduct multi-variate regression analyses for the collected trip generation data 
and several socio-economic variables about the schools. 
6 
1.4 Organization of the Report 
This report is divided into seven chapters and two appendices. Chapter 2 summarizes 
the literatures on school trip generation rate. Chapter 3 explains the methodology utilized to 
accomplish the objectives of this study. Chapter 4 discusses the trip-generation 
characteristics at studied elementary schools. Chapter 5 presents the trip generation rates 
calculated from the local data and the comparison with ITE rates. Chapter 6 describes the 
results of the single-variate regression analyses and multi-variate regression analyses. 
Chapter 7 presents overall conclusions and recommendations of this research. Appendix I 
contains original socio-economic information of each study site. Appendix II presents the 
original trip generation data collection results during peak hours at each study site. 
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Chapter 2. Literature Review 
2.1 Introduction 
In order to develop the methodology of trip generation studies and compare the 
results of prior studies on trip generation rates and trip-generation characteristics, a review of 
the past studies about trip generation at schools was undertaken. Few of the published studies 
however, focused solely on elementary schools. 
Several sources related to school trip generation were available. Four of them 
emerged as the most useful ones including ITE's TripGeneration (2003) and Trip Generation 
Handbook (2001), Slipp's study on high schools in urbanized counties of North Carolina 
(1994), Balmer's research on consolidated schools in West Virginia (1999) and Conlin's 
study on high schools and community colleges in the Chicago Area (1986). Additionally, 
Wrinkle and Kinton's study on day-care centers in Tennessee (1994) also provided useful 
information. 
2.2 Trip Generation Study Methodology 
As recommended in Trip Generation (ITE, 2001 ), a trip generation study design 
should include number of survey sites, selection of appropriate sites, survey period, 
independent variable data to be compiled, traffic counting methodology, etc. The 
methodologies for each of these steps used in the reviewed studies are described in the 
following sections. 
2.2.1 Sample Size 
In Balmer's study (1999), she suggested that 10 samples were the right size for a trip 
generation study for each type of school in order to balance between a large sample size and 
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the available data collection resources. Slipp (1994) thought 15 was the right sample size. 
ITE (2001) recommended that data would better to be collected at 3 to 5 sites, at least 3 sites 
for establishing local trip generation rates and 4 for establishing local regression equations. In 
addition, when using regression equations contained in ITE Trip Generation (2003), the 
equations based on more than 20 data points were recommended. Table 2-1 shows the 
expected and the actual sample sizes in each reviewed study. 
Table 2-1: Sample Sizes Reported in Literatures 
Source Expected Sample Size Final Sample Size 
NC (1994) >=15 16 
WV (1999) Elementary 10 7 
Middle 10 2 
High 10 4 
Chica20 (1986) 10 
ITE (2003) Elementary 3 (preferably 5) 31-38 
Middle 3 (preferably 5) 20-23 (9-11 )* 
High 3 (preferably 5) 20-62 
TN (1994) Day-Care 29 
Note: 
* (9-11) is the range of the sample size for afternoon peak hour of adjacent street traffic during weekdays 
2.2.2 Site Selection 
Site selection is important in achieving representative and consistent trip generation 
rates to avoid over-estimating or underestimating trips due to use of unrepresentative sites as 
a basis for trip generation estimates (ITE, 2001). 
In the study conducted by Slipp (1994) for high schools in urbanized counties of 
North Carolina, three criteria were used to select the eligible sites: 1) schools serving grades 
9 through 12; 2) schools featured a general - purpose curriculum; and 3) the school site was 
physically separated from other educational institutions or land uses. A total of 19 potential 
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sites were selected and only 16 sites were randomly selected for further analysis due to 
resource constraints. 
Balmer (1999) studied consolidated schools in West Virginia. Her focus was on the 
consolidated schools that were expected to become and continue to be significant over at 
least 20 years. Once a number of potential sites were selected, two criteria were used to select 
study sites. Firstly, sites had to have three or less driveways since a limited number of data 
collectors and machine counters were available. Secondly, only sites with long access roads 
were selected so that machine counters could be set up at locations where cars were not 
turning. Additionally, if cut-through existed, the site was not selected. A total of 7 high 
schools, 2 middle schools and 3 elementary schools were selected. 
Conlin (1986) evaluated high schools and community colleges in Chicago. The first 
criteria for site selection in his study was that all of the school locations were outside of the 
Chicago city limits in order to minimize the amount of walking or other non-auto travel 
modes. Sites were also visited prior to the study to evaluate the suitability of each entrance 
for the use of automatic vehicle counting machines. A total of 10 high schools and 6 
community colleges were selected to ensure coverage of the entire suburban region. 
Winkle and Kinton (1994) evaluated day-care centers in Tennessee. Their main 
criterion for study sites selection was to include a varying number of students in order to get 
a good cross section of examples. A total of 29 sites were selected. 
In addition to the criteria applied in these particular studies, ITE (2001) recommended 
that the development of the selected site should be at least two years old and located in a 
mature area. Also, the site should be able to be isolated such as with no shared parking, no 
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through-traffic, limited ability for pedestrians to walk and limited transit use unless transit 
usage can be counted. 
2.2.3 Socio-Economic Variables 
Socio-economic variables are used to quantify travel activity into trip rates (Balmer, 
1999). ITE (2001) gave some suggestions on the key characteristics of suitable socio-
economic variables, including logical relationship to site trip generation, confidence that the 
available site data are accurate and value measured directly for the survey site, etc. 
Conlin (1986) used total enrollment, full-time enrollment and number of faculty/staff 
as socio-economic variables, while ITE (2003), Balmer (1999), Slipp (1994) and Winkle and 
Kinton (1994) used number of students, number of employee and 1000 square feet of gross 
floor area. Slipp (1994) also considered several other variables including number of 
employees (part-time and full-time), number of students absent on a typical day, number of 
students allowed to leave campus for lunch, number of students leaving campus early, 
number of students arriving by bus, number of buses arriving per day, number of parking 
spaces (assigned to students and assigned to others), distance to nearest public transit route, 
length of public streets within 1-mile radius, and attendance area boundary area in square 
miles. 
2.2.4 Data Collection 
Two parts of data collection are necessary for trip generation studies: surveys to 
obtain socio-economic variables and field studies to determine number of trips. 
2.2.4.1 Survey 
In ITE (2003) database, the socio-economic information about the schools was 
obtained through personal interviews, actual measurements, telephone conversations, or 
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mail-back questionnaires. Slipp (1994) sent survey forms to the principals of the high schools 
studied. The forms were pre-tested to confirm that it was easy to understand and complete. 
Additionally, transit distances were obtained from bus schedules and the attendance areas for 
the high schools were obtained from maps of the school system. Balmer (1999) collected 
socio-economic variables by calling the principals of the schools. She also obtained 
information about student driving policies, the number of parking spaces available, number 
of bus trips, after-school activities and the occurrence of community activities at the school 
and car-pooling from other sources. Colin (1986) didn't mention how socio-economic 
variables were collected, but other than the three independent variables which were used in 
trip generation rate calculation, he also obtained information about the number of school 
buses, bus trips, average bus ridership and average absentee rate for each high school, and 
information about bus routes serving the community colleges and their boarding and 
alighting counts. Winkle and Kinton's research (1994) obtained the necessary data through 
directly interviewing the directors of the day-care centers. 
2.2.4.2 Field Study 
As for field study, consideration on survey periods and the methodology of data 
collection are usually combined according to the purpose of the study. 
Survey periods are very important in obtaining meaningful results including day of 
week and time of day. The purpose of the study dictates the critical time period for analysis 
(ITE, 2001). Moreover, ITE (2001) suggested that the time period being surveyed should 
represent typical activity for the site, and data collection should not be conducted under non-
normal conditions such as special events, holidays, construction periods, bad weather, or 
other conditions at the study site or in its vicinity that may affect site trip generation. 
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Automatic machine counts (portable pneumatic tube traffic counters) and manual 
counts are two most common techniques for collecting field data in trip generation studies. 
Automatic machine is usually used when the data collection will be continuing for a full 24-
hour period or more. Manual traffic counting often supplements the automatic counts to 
obtain vehicle occupancy and classification, check the reliability of the automatic counters 
and obtain directional counts during peak periods when a non-directional automatic count 
was being conducted (ITE, 2003). A minimum of two hours for each peak period is usually 
required for manual traffic counting (ITE, 2001 ). 
Slipp (1994) used machine counts at all the driveways of each site to record the traffic 
data for seven consecutive days. A limited number of manual counts were also taken to 
obtain information on directional distribution and vehicle type, as well as check on the 
accuracy of the machines. As a recommendation, Slipp (1994) suggested collecting 
information about vehicle occupancy rates or drop-off rates in the future study since a 
number of vehicles temporarily parked on the streets to drop off students and did not enter 
school driveways. 
Balmer (1999) also utilized machine traffic counters for one full-week of 24-hour 
counts per day. Initially, manual counts were conducted at three high schools, one middle 
school and two elementary schools to determine the percentage of heavy vehicles (multi-axle 
vehicles). Since the results of manual counts indicated that the schools attracted few heavy 
vehicles, manual counts were discontinued. 
Colin (1986) took 24-hour machine counts at all of the vehicle access points to each 
school at hourly intervals. Each machine counter was checked and calibrated for the low 
speed traffic in the parking areas with a manual count taken simultaneously for a one-hour 
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period. Manual counts were also utilized to correct the possibilities of over or under counting 
caused by angular movement of vehicles over the counter hose. 
Winkle and Kinton's research (1994) used peak-hour manual counts for each facility 
during the normal peak hours of day-care centers (7-9 a.m. and 4-6 p.m.) in one-minute 
interval. Three types of data were recorded for each minute study: 
• Number of cars parking in the lot during the counting one-minute 
• Number of vehicles entering and exiting 
• Number of children dropped off or picked up 
Studies were taken on Tuesdays through Thursdays to avoid the traffic variations 
occurred on Mondays and Fridays. 
2.3 Methodology for Trip Generation Data Analysis and Results 
ITE Trip Generation (ITE, 2003) provided three methods of data storage in order to 
estimate trips at proposed developments: 
• A plot of trip ends versus size of the independent variable for each study; 
• The weighted average trip generation rate; 
• A regression equation relating trip ends to the size of the independent variable. 
All of the other literatures reviewed utilized at least the second method to analyze the 
collected data, while some of them included data plots and the regression equation method as 
well. 
2.3.1 Data Plots 
In ITE Trip Generation (ITE, 2003), data plots were introduced to be the most 
fundamental display of the variance within the data base and were observed as the total trip 
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ends against the size of the independent variable. By using this method to estimate trips, the 
results are reasonably accurate only ifthere are sufficient data points within the range of the 
independent variable being used to define a relationship between the two variables. 
In Belmer' s study (1999), data points were plotted for each type of school based on 
three independent variables which were also contained in ITE Trip Generation (ITE, 1997) 
directly on ITE (1997) graphs as appendices of her thesis. Winkle and Kinton (1994), Slipp 
(1996) and Colin (1986) did not use data plots. 
2.3.2 Trip Generation Rates 
Other than raw data plot, the trip generation rate is another method of estimating trips 
at proposed development. Graphically, this method assumes a linear relationship passing 
through the origin with a slope equal to the trip generation rate. 
In order to avoid sites with a large variance from the mean over-influencing the 
average rate, "weighted average" trip rate was used in ITE Trip Generation (ITE, 2003) 
rather than "arithmetic average" rate by dividing the sum of all trips or trip ends by the sum 
of all independent variable units. In addition, the approximated standard deviations based on 
the weighted average trip rates were provided for datasets with three or more data points. For 
each study period, ITE (2003) calculated the average rates based on three independent 
variables: number of students, number of employees, and 1000 square feet gross floor area of 
the school. 
Except ITE (2003), only Balmer (1999) conducted the study at elementary schools. 
Table 2-2 to 2-4 listed the weighted trip generation rates at elementary school in Balmer's 
study during each time period based on three independent variables which were also 
contained in ITE, respectively. The trip generation rates provided by ITE in the 61h and J1h 
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Table 2-2: Trip Generation Rates Based on Number of Students for 
Elementary Schools 
WV (1999) ITE (1997) ITE (2003) 
Weekday 2.87 1.02 1.29 
Weekday A.M. Street 0.29 --
Weekday A.M. Gen (7-9) 0.74 0.30 0.42 
Weekday P .M. Gen (2-4) 0.63 0.26 0.28 
Saturday 0.18 
Saturday Peak 0.05 
Sunday 0.11 
Sunday Peak 0.03 
Table 2-3: Trip Generation Rates Based on Number of Employees for 
Elementary Schools 
WV (1999) ITE (1997) ITE (2003) 
Weekday 25.50 13.13 15.71 
Weekday A.M. Peak (7-9) 6.62 3.71 5.17 
Weekday P.M. Peak (2-4) 5.57 3.50 3.45 
Saturday 1.22 
Saturday Peak 0.37 
Sunday 0.72 
Sunday Peak 0.19 
Table 2-4: Trip Generation Rates Based on 1000 Sq Ft Gross Floor Area 
for Elementary Schools 
WV (1999) ITE (1997) ITE (2003) 
Weekday 24.72 12.03 14.49 
Weekday A.M. Gen (7-9) 6.42 3.36 4.49 
Weekday P.M. Gen (2-4) 5.40 3.12 3.13 
Saturday 1.22 
Saturday Peak 0.36 
Sunday 0.72 
Sunday Peak 0.19 
edition Trip Generation (ITE, 1997; ITE, 2003) were also listed. As shown, all ofBalmer's 
results were approximately double the rates in the 6th edition ITE Trip Generation (1997) and 
also much higher than the rates in the 7th edition ITE trip generation (2003). Balmer (1999) 
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performed t-tests and proved that all of the differences between the rates based on her study 
and the rates contained in the 61h edition ITE Trip Generation (1997) were statistically 
significant at significant level of 0.05. Balmer (1999) thought the reasons for such 
differences were probably because the elementary schools included in her study were usually 
located in the most dense population areas where there were many possibilities for 
professional-type jobs in the vicinities of the schools and it was possible for parents to adjust 
their work schedule to coordinate dropping off and picking up their kids. 
Balmer (1999) also studied trip generation rates for high schools and middle schools. 
These rates were all slightly higher than the rates contained in the 6th edition ITE Trip 
Generation (ITE, 1997) but the differences were not statistically significant. In addition, 
according to the calculated rates and the standard deviations for the average rates, Balmer 
calculated the confidence interval of each rate for each type of school. 
Slipp (1994) calculated averages trip generation rates for high schools based on the 
three independent variables that were used by ITE. He didn't indicate if the rates were 
arithmetic averages or weighted averages rates. Rates during different time period were 
compared with those contained in the 5th edition ITE Trip Generation (1991) and 15 out of 
the 17 observed mean rates showed statistically significant increase from the ITE rates at 
significant level of 0.05. The reasons for the increase in rates were described by Slipp (1996) 
as the socio-economic or geographic differences in North Carolina relative to the rest of the 
nation, the rate differences in urbanized area schools with those in rural area, and the general 
increase in the vehicle availability and the number of two-worker households. 
Colin (1984) calculated the trip generation rates based on number of enrollment, 
number of full time enrollment and number of faculty/staff for each school. Arithmetic daily 
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average rates were calculated for both college and high school, and the average rates were 
compared between these two types of schools. 
Winkle and Kinton (1994) compared the arithmetic average rates for AM and PM 
peak periods based on their study with the relative rates contained in the 5th edition Trip 
Generation (1991) and found the rates based on their study were lower than the rates in Trip 
Generation (1991) for all three independent variables. They thought the reason should be the 
differences of study region, as well as possible changes in trends of day-car center 
operations. 
2.3.3 Linear Regression Model 
In addition to data plots and trip rates, regression analysis provides a tool for 
developing an equation that defines the line that "fits best" through the data points. The 
regression equation allows a direct forecasting of trip ends based on the independent variable 
of the proposed development, in which way the differences of opinion arising from 
interpolating a plot of individual data points could be eliminated. The plotted equation does 
not necessarily pass through the origin, nor does the relationship have to be linear. (ITE, 
2003) 
In ITE Trip Generation (ITE, 2003), two regression equation forms were included: 
where: 
T = aX + b (Linear) 
Ln(T) = aLn(X) + b (Logarithmic) 
T = Number of Trip Ends (Dependent Variable) 




Best fit regression curves were shown only when each of the three conditions were 
met: 1) The coefficient of determination (R2) value is greater than or equal to 0.50; 2) the 
sample size is greater than or equal to 4; and 3) the number of trips increases as the size of 
the independent variable increases. 
Other than the instructions on how to use the regression equations provided by ITE, 
ITE (2001) gave a guideline for establishing local trip generation rates/equations and 
recommended the acceptable use of a regression equation requires at least four data points 
with a computed R2 of at least 0.75. 
Balmer (1999) conducted linear and logarithmic regression analyses for elementary 
schools and high schools based on three independent variables that were also included in ITE 
Trip Generation (ITE, 1997), and the R2 values were reported for each equation. For 
elementary school, neither linear nor logarithmic regression lines were found with a R2 value 
greater than 0.5, which were believed to be due to two abnormal sites and small sample size. 
For high schools, most of the weekday equations have a R2 value greater than 0.75 which can 
be considered "good". The number of students was found to be the best parameter for 
describing weekday trip rates at high schools and 1000 square feet gross floor was the best 
parameter for describing weekend trip rates. The information about R2 value for the 
regression equations included in the 61h edition ITE Trip Generation (1997) was also reported 
for both types of schools. 
By using Minitab statistical software, Slipp (1994) conducted regression analysis in 
five types of models: 1) single linear regression equations for all independent variables, 2) 
selected single logarithmic equations for promising independent variables, 3) stepwise 
multiple linear regression equations that considered all independent variables, 4) selected 
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multiple linear regression equations based upon promising independent variables showing 
little inter-correlation, and 5) selected multiple logarithmic regression equations based upon 
the results from ( 4). In addition, Slipp tried to minimize the number of variables in the 
multiple regression models and relieve multi-co linearity problems. Finally, single linear 
regression equations were found better than the logarithmic ones according to the trade-off 
between greater accuracy and simplicity/collectibility. At most two variables were included 
into the model. The total employees and total parking spaces turned in the best performances 
for the weekday periods, which were explained by the increase of the number of employees 
per student along with the increase of the number of trips per student in the past few years, 
and more vehicles being attracted onto the site by more parking spaces. However, the 
causality in the relationship between total parking spaces and the total trips was still unclear. 
For Saturday, centerline miles of streets (in tenths) within a one-mile radius of school 
showed some potential to predict accurately, which was due to more potential users provided 
by dense surrounding land development. 
Neither Colin (1984) nor Winkle and Kinton (1994) conducted regression analysis. 
2.4 Methodology and Results on Trip-Generation Characteristics 
In the reviewed studies, trip-generation characteristics were analyzed in terms of trip 
distribution through time, trip mode and heavy vehicle traffic. 
Colin (1984) showed average hourly distribution of trips through time of day for both 
high school and colleges. The percentage of peak hour traffic for the average daily traffic 
volume was also given. For both high school and college, AM peak hour was from 7 to 8 
AM, where 32.5% of the high school trips and 12.4% of the college trips were generated. PM 
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peak hour for high schools was from 3 to 4 PM, which accounted for 7.5% of the average 
daily traffic volume; for college schools, PM peak hour was from 6 to 7 PM and accounted 
for 12.6% of the daily trips. In addition, Colin analyzed transportation mode for both high 
schools and community colleges. In colleges, only a small number of students and staff used 
buses to travel to the campuses, while the high school students tended to travel to school by 
automobile or school bus only. 
Balmer (1999) calculated the amount of the daily traffic that occurred in the peak 
hours by dividing the number of peak trips by the average number of weekday trips to get a 
"K" value for each site and a weighted average "K" value for the entire land use. For high 
schools, the weighted average K value was 0.23 for AM peak and 0.17 for PM peak; for 
middle schools, K was 0.33 for AM peak and 0.17 for PM peak; for elementary schools, K 
was 0.25 for AM peak and 0.21 for PM peak. Balmer also calculated the percentage of the 
typical weekend traffic in weekday traffic, and found the percentage of the typical weekend 
traffic was at most 11 % and 8% of the weekday traffic at middle schools and elementary 
schools, respectively. 
In addition, Balmer (1999) analyzed heavy vehicle traffic which were basically 
school bus trips for each site and calculated the student-per-bus ratio between individual sites 
for each land use. None of the elementary schools had a ratio over than the capacity of a bus 
which was indicated as 44 students by Balmer, while half of the high schools and one middle 
school had ratios over than the capacity of a bus and even double the capacity. The reasons 
for these over-bus-capacity student-per-bus ratios could be the permission for the students to 
drive by themselves in high schools and many walkers in that middle school with extremely 
high ratio. 
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Slipp (1994) calculated the day-to-day traffic fluctuation for weekday day (24-hour) 
period, and found the highest fluctuation of 103% at one site with 20% ~ 25% typical for 
most sites. These fluctuations were believed to be primarily due to other persons using 
recycling or athletic facilities or participating in extracurricular or non-school functions 
rather than students or staff members. 
Since Winkle and Kinton (1994) only collected data during peak times, no analysis 
about trip-generation characteristics were discussed. ITE (2003) did not discuss trip-
generation characteristics either. 
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Chapter 3. Methodology 
3.1 Introduction 
In order to accomplish the goal of this study, a practicable research methodology is 
necessary for conducting the study appropriately and acquiring meaningful data. This chapter 
describes the methodologies for site selection, data collection and data analysis followed in 
this study. The ITE Trip Generation Handbook (2001) was the basic guideline for developing 
each part of the methodology. The details for each part will be described in the following 
sections. 
3.2 Sample Size 
ITE (2001) recommends at least three, and preferably at least five sites, to establish 
local trip generation rates/equations or validate ITE rates/equations for local use. As for 
application of trip generation equations, they suggest use of those with high R2 values or 
based on twenty or more data points. As a result, the study planned to include at least 20 
sites. 
3.3 Site Selection 
Selecting appropriate sites is important since use of umepresentative sites for trip 
generation estimates may result in overestimating or underestimating trips generated by a 
proposed site development (ITE, 2001). In order to ensure that sites were representative, the 
following criteria were used to select study sites: 
• The site is located in an urban or suburban area of Iowa. 
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• The site should have at least one driveway onto the parking lot or drop-off/pick-
up areas. 
• In most cases only two data collectors were available. As a result only sites that 
could be monitored by two or three data collectors could be included. 
• The selected sites should make a diverse group including small, medium and 
large schools according to their socio-economic variables. 
• The selected sites should be located in different regions. 
Because the site should be located in urban or suburban area, thirteen school districts 
in urban or suburban area of Iowa were randomly selected. The preliminary candidate list 
was determined from the elementary schools within each school district according to the 
above criteria. In this step, the newest aerial photos available for each school from county 
websites, database in Center for Transportation Research and Education (CTRE) at Iowa 
State University, and Google map website (http://maps.google.com) were used to see ifthe 
basic configurations of the schools satisfied the criteria. In addition, the socio-economic 
information about each candidate school was checked from the school websites, school 
district websites, and School Match website (http://schoolmatch.com) in order to include a 
diverse group of schools into the study list. 
After the preliminary candidate list was determined, preliminary site visits were made 
at each candidate site. Schools were evaluated according to the above criteria and removed if 
site visits indicated that they were not feasible. After site visits were made, a final list of 
candidate schools was determined. 
In order to reduce the bias due to region impacts in the results, the number of schools 
selected in each school district was balanced and no more than three schools from each 
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school district were included into the study. Finally, a total of twenty-three schools in thirteen 
school districts were selected. Table 3-1 lists the selected schools and their locations. 
Table 3.1: Locations where Trip Generation Data were Collected 
ID City Grade Enrollment Total Employees 
Group U - Before 1980 Schools 
Ul Ames KG-06 428 63 
U2 Ames KG-06 268 35 
U3 Ames KG-06 417 60 
U4 Ankeny KG-05 513 58 
U5 Coralville PK-06 458 57 
U6 Des Moines PK-06 245 40 
U7 Des Moines KG-05 304 38 
U8 Gilbert KG-06 505 60 
U9 Marion KG-05 432 41 
UlO Marion PK-05 476 51 
Ull Marshalltown PK-05 337 51 
U12 Pleasant Hill KG-05 303 46 
U13 West Des Moines KG-06 398 51 
U14 West Des Moines KG-06 507 51 
Group S -After 1980 Schools 
Sl Ankeny KG-05 570 68 
S2 Cedar Rapids PK-05 512 75 
S3 Coralville KG-06 563 60 
S4 Johnston KG-05 751 80 
S5 Johnston PK-05 605 87 
S6 Polk City KG-05 268 31 
S7 Urbandale 01- 05 230 36 
S8 West Des Moines KG-05 633 55 
S9 Waukee PK-06 770 88 
The Terry Sanford Institute of Public Policy reported that large differences existed in 
the number of students who walk to school between the schools constructed before 1983 and 
those built after 1983 in South Carolina (Kouri, 1999). As a result, older schools and newer 
schools were initially analyzed separately in this study and compared to see if the same 
differences also occur in Iowa. The selected twenty-three schools in this study were listed as 
"Before 1980" and "After 1980" two groups based on the year when the schools were firstly 
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open. Since most of the schools built after 1980 were located in suburban areas and most of 
the schools constructed before 1980 in urban areas, for convenience, the two groups were 
named as "Group U" and "Group S", respectively, and each school was given an ID 
numbered with an initial of either "U" or "S". 
After the final school list was determined, permission for the study was requested at 
each school by either calling the principal of the school or sending the principal an email 
regarding to this study. 
3.4 Socio-Economic Variables 
According to ITE Trip Generation Handbook (2001 ), the independent variables to 
include in a local trip generation study should have logical relationship with site trip 
generation and data accuracy of the variables should be confident. 
ITE (2001) also suggested that the independent variables should at least include the 
ones that were used in Trip Generation (2003) for the similar land uses. In this study, 
excluding 1000 Square feet of gross floor area, both the number of students and number of 
employees (including part-time and full-time) that were used for elementary school land uses 
in ITE (2003) were included since these two variables were considered to be the primary 
factors impacting trip generation of the elementary schools. 
Considering that the purpose of this study was also to evaluate the impact of the 
current trip-generation characteristics at elementary schools on mitigation of current traffic 
problems around the schools, this study also included some independent variables about 
schools which may affect the trip generation results other than the variables "number of 
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students" and "number of employees", such as percentage of students who were eligible for 
free transportation and school boundary area. 
Furthermore, considering that the trip generation status at elementary schools were 
also impacted by the social and economic status of the school environment, some of such 
information for the school districts that each school is located in were also included, such as 
median house value, average vehicle ownership per household, percentage of households in 
poverty, percentage of families with two or more workers and so on. Table 3-2 lists all 
variables selected for this study. 
Table 3-2: Variables Included into Multiple Linear Regression Analysis 
Variables Unit 
0 Total Trip Ends during Peak Hour 
1 Number of Students 
2 Number of Employees 
3 School Boundary Area Million Square Feet 
4 Percentage of Students Eligible for Free Transportation % 
5 Median House Value in the School District Dollars 
6 Median Income per Household in the School District Dollars 
7 Percentage of Households Designated as Poverty in the School % District 
8 Average Vehicle Ownership per Household in the School District 
9 Percentage of Families with 2 or More Workers in the School % District 
3.5 Data Collection 
3.5.1 Socio-Economic Data Collection 
The socio-economic information was divided into two parts to collect - the 
information directly about each school and the information about each school district where 
the schools were located in. 
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Basic school information was collected by searching school information from school 
and school district websites. An informal questionnaire about the basic information related to 
this study was also sent through email to the principal of each school, to obtain some 
information that was not found from websites as well as check the correctness of the 
information that was already obtained from websites. Telephone conversations were used 
with several schools that did not respond to the questionnaire. However, not all schools have 
the necessary data for this study that could not be found from websites, resulting in the 
incompleteness of some socio-economic information. Thus, when conducting data analysis 
based on those socio-economic variables with information not available for all schools, only 
the schools having information for that variable were used. 
In addition, the school boundary area was calculated based on the boundary map of 
each school provided in the school district websites. This information was also missing for 
five schools. 
The social and economic information about school districts were collected from 
Census 2000 School District Demographics database through the website of National Center 
for Education Statistics (http://www.census.gov). Although these data were published five 
years ago, it was assumed that socio-economic conditions would not change much during 
five years. After the original census data were collected, calculations were conducted to 
make some variables into the formats that were appropriate to be used for further analysis. 
For instance, the variable "Number of Households in Poverty" was transformed to 
"Percentage of Households in Poverty". 
Additionally, since this study was also interested in the transportation mode 
distribution for the current elementary schools, the relative information about transportation 
28 
mode distribution was also asked for each school in the questionnaire sent to the school 
principal. Some of such information was also obtained through telephone conversation. 
Again, since not all schools knew such information, the data were not complete for all sites. 
3.5.2 Field Studies 
3.5.2.1 SurveyPeriods 
Survey periods are important in collecting meaningful and representative data. In this 
study, it was determined the data should not be collected under erratic conditions including 
special events, holidays and early dismissal days. This information was found by checking 
the calendar of each school at the school or school district websites. According to the 
calendars, data collection date of each school was preliminarily determined. Because bad 
weather (e.g. storms) is another factor which would impact trip generation results, the exact 
date for data collection at each school was finally determined usually right before the 
proposed date. 
Since only trip generation data during morning drop-off and afternoon pick-up peak 
periods were required according to the purpose of this study, the data collection were only 
planned to be conducted during peak periods at each site. The start time and dismissal time of 
each school were obtained from school and school district websites, and the proposed data 
collection periods were usually from 60 ~ 45 minutes before the school start time to 10 ~ 15 
minutes after in the morning and from 45 ~ 30 minutes before dismissal time to 30 ~ 40 
minutes after in the afternoon. The span of data collection time varied at different site 
depending on the start time and dismissal time of each school and the level of the activities 
around schools. Data were collected only during the period when trip generation occurred. 
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Sometimes the collectors would wait for a while to start data collection or stop data 
collection relatively earlier than the proposed time. 
3.5.2.2 Data Collection 
Since this study only focused on the peak hour trip generation of the schools, trip 
generation data were collected at twenty-two schools by using manual counts during peak 
periods of the schools, while only at one school, automatic counts were utilized for a 24-hour 
driveway data collection. 
Manual counts primarily utilized a type of hand-held manual traffic data counter -
JAMAR DB-400 Turning Movement Counter. Counts were conducted in five-minute 
interval. Within each five minutes, the number of trips entering or exiting the access was 
assure to be collected at each school, and at most schools, the following data were collected 
as well: 
• Number of passenger cars, number of school buses and number of trucks 
entering and exiting the access 
• Number of passenger cars and number of school buses parked on adjacent street 
temporally to drop-off or pick-up students 
• Number of students walking to school in the morning or from school back home 
in the afternoon 
• Number of students riding bicycles to school in the morning or from school 
back home in the afternoon 
Data collection was conducted at all of the accesses for each study site. Because the 
site selection has considered the limited number of people available for data collection, at 
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most sites, one or two people were enough to collect data for all accesses, while three people 
were needed at just few sites. 
Because it was sensitive to the absolute time of the counters that which five-minute 
interval the data were collected within, in order for the results collected by different counters 
for one site at the same time to be comparable, the absolute time was set and rechecked for 
each counter before data collection. 
At several sites, because the collectors were not confident about the accuracy of the 
data due to bad weather or some other reasons, the data collection was re-conducted for the 
same peak period. After comparison between two sets of data, averages were used if they 
seemed similar; otherwise, the more reasonable one was used. 
JAMAR automatic traffic data recorder was utilized at one school. The driveway at 
this school is long enough and there is only one main access for parents to enter and exit the 
picking-up and dropping-off area, which are the suitable configuration for data collection 
using automatic counters. Therefore, a 24-hour data collection was conducted at the main 
access of this school by utilizing automatic traffic data recorder, and trips entering and 
exiting the access were recorded in one-minute interval. 
3.6 Data Analysis 
3.6.1 Trips and Trip Generation Characteristics 
After the data for socio-economic variables and trip generation during the morning 
and afternoon peak periods at each site were collected, total vehicle trip ends and total trips 
for each of the other transportation modes were calculated for every five-minute intervals, 
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and the trip generation characteristics were then analyzed for newer schools and older 
schools separately. 
3.6.1.1 Trip Distribution through Time and Peak Character 
According to the total vehicle trips entering and exiting the accesses of the school 
during each five data-collection minutes, the trip distribution through time at each school 
during either morning or afternoon peak period was presented by plotting the trips on a chart 
of trip ends versus time away from school start or dismissal time. The general trip 
distribution characteristics through time were analyzed according to the plots. 
In addition, the morning and afternoon peak hour and peak 15 minutes based on total 
vehicle trip ends at each site were determined. The peak hour factor (PHF) as well as the 
factor K, which was defined as the ratio of trip ends in peak 15 minutes to trip ends in peak 
hour, were then calculated for each site. Weighted average factors were also calculated for 
newer schools, older schools and all schools separately. 
3.6.1.2 Trip Generation by Time of Day 
In order to find the trip generation differences between drop-off and pick-up peak 
periods, trip ends generated by each school were compared between morning peak hour and 
afternoon peak hour by calculating the factor F for each site, which was defined as the ratio 
of the trip ends in the morning peak hour to those in the afternoon peak hour. Weighted 
average factors were also calculated for newer schools, older schools and all schools 
separately. 
3.6.1.3 Off-Site and On-Site Trips Comparison 
Since both the trips entering and exiting the parking lots and the vehicles parking on 
the adjacent streets temporarily to drop-off or pick-up students were documented at all except 
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two schools, the comparison was conducted between off-site drop-off/pick-up trips and on-
site drop-off/pick-up trips for each site with both data available. With the assumption that all 
vehicles which temporarily parked on the street to drop off or pick up students left right after 
the students were unloaded/loaded, the number of such vehicles were simply doubled to 
match the definition of trip ends in Trip Generation (ITE, 2003) which includes both entering 
and exiting trips. A percentage of off-site trip ends in total dropoff/pickup trip ends was then 
calculated for each site. Weighted average percentages were also given for newer schools, 
older schools and all schools separately. 
3.6.1.4 Transportation Mode Distribution 
Since approximate transportation mode distribution data for all students were 
obtained from several schools, and trip ends for each mode were collected at most of the 
study schools during peak hours, the transportation mode distribution were analyzed 
separately based on these two datasets. 
As for the data collected during field studies, because only trip ends were documented 
while passenger vehicle occupancy and school bus occupancy were not, a students-per-trip-
end-based transportation mode distribution was used instead of percentage-of-students-based 
transportation mode distribution. The weighted average students-per-trip-end for each mode 
was calculated for newer schools, older schools and all schools separately by Equation 3-1: 
n Isi 




P = Weighted average students-per-trip-end 
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S; = Total number of students in site i 
I;= Total number of trip ends in site i during morning/afternoon peak hour; ifthere 
is more than one count for site i, this is the average of all the counts for site i. 
In addition, based on data obtained from school officers, weighted average percentage 
of students using each transportation mode was calculated for both each school group. Only 
sites with available information for each mode were included into the calculation. 
3.6.2 Trip Generation Data Analysis 
In this study, all three methods of trip generation data analysis provided by ITE Trip 
Generation (ITE, 2003) for elementary school were used including data plots, trip generation 
rates, and best fit regression equations. 
3.6.2.1 Data Plots 
In ITE Trip Generation (ITE, 2003), data plots are introduced to be the most 
fundamental display of the variance within the data base and they are the observed number of 
trips plotted against the size of the independent variable rather than the trip generation rates. 
In this study, data plots were conducted for trip ends during either morning or afternoon peak 
hour versus each of the two socio-economic variables that were selected for trip generation 
rate analysis. Newer schools and older schools were not analyzed separately. As a result, four 
data plots between the observed number of trip ends against the size of the independent 
variables were provided. 
3.6.2.2 Trip Generation Rates 
Other than raw data plot, the trip generation rate is also a method to estimate trips at a 
proposed development. It was defined as the number of weighted trip ends per unit of the 
independent variable in ITE (2001). 
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In this study, the trip generation rates for each individual school were calculated. In 
addition, the weighted average rates were also calculated for newer schools, older schools 
and all schools separately by Equation 3-2: 
n IT; 






R = Weighted average trip rate during morning/afternoon peak hour 
I';= Total number of trip ends in site i during morning/afternoon peak hour; ifthere 
is more than one count for site i, this is the average of all the counts for site i. 
X; =The number of the independent variable in site i 
Accompanied with each weighted average trip rate, the standard deviation is also 
recommended by ITE to be given as a measure of how widely dispersed the data points are 
around the calculated average (ITE, 2003). In this study, the standard deviation for each 
weighted average trip rate was calculated by Equation 3-3: 




S.D. =The Standard Deviation for the average trip rate during morning/afternoon 
peak hour 
T;= Total number of trip ends in site i during morning/afternoon peak hour; ifthere 
is more than one count for site i, this is the average of all the counts for site i. 
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f =The average number of trip ends for all sites during morning/afternoon peak 
hour 
n = The value of the independent variable in site i 
As recommended by ITE (2001), the weighted average trip generation rates were 
accepted to be used only if they are based on at least three data points with a computed 
standard deviation that is no more than 110% of the weighted average rate, so the ratio of 
each standard deviation to the relative trip generation rate was calculated and compared with 
1.10. 
In order to see if there are significant differences between the trip generation rates for 
older schools and those for newer schools, comparisons were conducted between each 
weighted average rate for older schools and the comparative rate for newer schools by 
calculating the percentage difference between them. T-tests were also conducted to check the 
statistical significance of these differences. 
3.6.2.3 Single-Variate Regression Model Estimation 
Since regression analysis allowed us to directly estimate trip generation based on the 
independent variable of the proposed development, in this study, a single linear regression 
equation as well as a single logarithmic regression equation were built for newer schools, 
older schools, and all schools separately based on each of the two independent variables that 
were included into trip generation rate calculation. The coefficient of determination (R2) 
value was given for each regression curve, and an F-test was conducted to determine the 
statistical significance of each regression curve. 
A statistical discovery software JMP5 .1 was used in processing the regression 
analyses. For each independent variable and each school group, both linear form and 
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logarithmic from were tried according to Equation 2-1 and 2-2, respectively, and the one with 
a larger R2 value and a more significant relationship was selected. Because in ITE Trip 
Generation (ITE, 2003), the regression curves were shown only when the number of trips 
increases as the size of the independent variable increases, the coefficient of the independent 
variable was checked not to be negative in this study. 
In addition, only those regression curves with a R2 value of at least 0.50 were shown 
in ITE (2003) and acceptable to be used when there were more than twenty study points; 
also, if the regression equations based on at least four local data points has a R2 value of at 
least 0.75, the equations could be accepted as a local regression equation (ITE, 2001). The 
calculated R2 values in this study were compared with these criteria and recommendations on 
usage of these regression equations were then given. 
3.6.2.4 Multi-Variate Regression Model Estimation 
In ITE Trip Generation, only one variable could be used for trip generation estimation 
each time. However, the estimation based on two or more variables may be more accurate 
since the trips generated by a land use were not only caused by one factor. In this study, 
multiple linear regression analysis was tried based on the two independent variables included 
in single-variate regression analysis as well as the other socio-economic factors that may 
logically affect the trips generated by the elementary schools as listed in Table 3-2. 
Prior to multi-variate regression analysis, a correlation coefficient matrix for all 
variables that were proposed to include in the model was calculated by using JMP5 .1 
software package. According to the matrix, if two independent variables were highly-
correlated, these two variables were assumed to have high possibility of introducing 
collinearity problem into the model when both of them were included. Menard (2001) 
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suggested that the value ofR2 > 0.8 between independent variables should be regarded as a 
high level of collinearity which corresponds to a correlation coefficient r > 0.894. In this 
study, the correlation coefficient r > 0.8 between independent variables was regarded as a 
high level of collinearity. 
By eliminating the possibility of collinearity between the independent variables 
according to correlation coefficient matrix, a selection of the variables that were suitable to 
include in the model at the same time was made. 
Multiple linear regression analyses were conducted for newer schools, older schools, 
and all schools separately by using JMP5.1 software package as follows: 
• Step-wise multiple linear regression analysis considering all the independent 
variables listed in Table 3-2. 
• Step-wise multiple linear regression analysis considering the independent 
variables that are not highly inter-correlated with each other. 
The value ofR2 for each regression equation was given, and the one with the best R2 
value was selected for each school group during each peak period. The selected equations 
were check again for the level of collinearity between each pair of independent variables in 
the model. If any pair of independent variables was found with high level of collinearity, the 
consistency was checked for the relationship between total trip ends and each of the 
independent variables before that variable was included into the model and after, and the 
variable which had inconsistent relationship with total trip ends before and after were 
excluded. In addition, the causality was also check for the relationship of each variable in the 
model with total trip ends. If the causality seemed not correct which could be caused by 
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limited sample size or variation in the data, the variable was excluded from the model as 
well. 
Each final equation was compared with the criteria recommended by ITE (2001) for 
appropriate equations to be used, and the recommendations on application of these multi-
linear equations were then given. 
3.6.3 Comparison with ITE Results 
3.6.3.1 Trip Generation Rates 
A local trip generation rate/equation was only recommended to be established when 
the following criteria were satisfied as suggested by ITE (2001): 
• At least three local sites were counted 
• The weighted average rate for the counted sites is at least 15% higher or lower 
than the comparative Trip Generation rate 
• The local counts provide consistent results. 
Since the number of study site for each school group in this study was more than the 
ITE criterion of three sites, it was only necessary to check if the results meet the other two 
criteria. Firstly, the trip generation rate for each site was observed and compared to see if the 
rates for each independent variable during each peak period were consistent throughout the 
whole dataset. In addition, comparisons between calculated trip generation rates and rates 
provided by ITE (2003) were conducted by using Equation 3-4: 





R = Weighted average trip rate during morning/afternoon peak hour calculated based 
on the observed data 
RITE= Weighted average trip rate during morning/afternoon peak hour published in 
ITE Trip Generation (ITE, 2003) 
The calculated percentages were compared with 15 percent, and T-test was conducted 
to check the statistical significance of each percentage difference. 
3.6.3.2 Single-Variate Regression Equation 
For those single-variate regression equations which meet the criteria to be acceptable, 
the R 2 value for each equation was compared with that for the comparative regression 
equation published by ITE. The one with better R2 value was selected for local use. 
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Chapter 4. Trip-Generation Characteristics 
4.1 Introduction 
In this chapter, trip-generation characteristics during peak periods of the elementary 
schools were analyzed for the study sites based on the collected data. Specifically, the 
characteristics of trip distribution through time, off-site trips generated by the schools, and 
transportation mode distribution were included. 
Because trip generation characteristics were found different for schools built before 
1983 and those after 1983 in South Carolina (Kouri, 1999), most of the following sections 
considered separate analysis for the study sites built before 1980 (Group U) and those after 
1980 (Group S) to see ifthere is any difference between trip generation pattern at older and 
newer elementary schools in Iowa. 
4.2 Data Collection Results 
Table 1-1 and 1-2 in Appendix I list the basic socio-economic information for each 
study site and the relative school district information, respectively. According to Table 1-1, 
the socio-economic values at twenty-three study sites show wide ranges. Enrollment ranges 
from 230 to 770, and the number of employees from 31 to 88. Based on Table 1-2, socio-
economic information at thirteen school districts are significantly different as well. 
As for the field study data collection results, Table 11-1 and II-2 in Appendix II list 
the trip generation results during morning peak hour and afternoon peak hour of each study 
school, respectively. 
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4.3 Trip Generation through Time 
The characteristics of trip generation through time were analyzed in terms of three 
aspects: trip generation by time of day, trip generation through time during peak periods and 
peak characteristics. The details of each aspect are explained in the following sections. 
4.3.1 Trip Generation by Time of Day 
Table 4-1 presents the total trip ends at each selected site in either morning or 
afternoon peak hour. The ratio of trip ends in the morning peak hour to that in the afternoon 
peak hour is also shown for each site and the weighted average ratios are shown for newer 
schools, older schools and all sites separately. 
According to Table 4-1, total trip ends in the morning peak hour are significantly 
higher than those in the afternoon peak hour. Seven schools show morning peak hour trip 
ends over two times the afternoon peak hour trip ends. For all sites, total trip ends in the 
morning are on an average 1.8 times the total trip ends in the afternoon peak hour. 
One reason for this could be that the morning peak period of the elementary school 
coincides with the morning commute to work for many people, but there is usually two-hour 
offset between the afternoon peak period for elementary school and for work. Thus, many 
parents are willing to send their children to the schools on their way to work in the morning 
but few of them are able to pick up their kids in the afternoon. 
Another reason why the total trip ends during afternoon peak hour are much less than 
those during morning peak hour could be because many schools have after school programs 
which delay part of pick-up traffic, resulting in only moderate activities in school zones 
occurring in peak hours. 
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Table 4-1: Trip Distribution during Peak Hour by Time of Day 
Total Trip Ends during Peak Hour AM to 
School ID AM Peak Hour PM Peak Hour PM Ratio F* 
Ul 324 150.5 2.2 
U2 139 106 1.3 
U3 288 172 1.7 
U4 461 281 1.6 
U5 194 118 1.6 
U6 279 154 1.8 
U7 289 114 2.5 
U8 296 114 2.6 
U9 285 175 1.6 
UlO 324 110 2.9 
Ull 236 124 1.9 
U12 213 103 2.1 
U13 155 115 1.3 
U14 424 209 2.0 
Averafi:esfor Group U 2.0 
Sl 431 208 2.1 
S2 256 218 1.2 
S3 363 208 1.7 
S4 335 204 1.6 
S5 298 218 1.4 
S6 171 105 1.6 
S7 149 90 1.7 
S8 347 181 1.9 
S9 538.5 391 1.4 
Averafi:esfor Group S 1.6 
Averaf::efor All 1.8 
Note: 
U =Urban (Older Schools); S =Suburban (Newer Schools) 
* F = Total Trip Ends during AM Peak Hour I Total Trip Ends during PM Peak Hour 
According to Table 4-1, total trip ends in the morning are on an average 2.0 times the 
total trip ends in the afternoon peak hour for newer schools (Group U) which is much more 
than 1.6 times for the older schools (Group S). The reason for this might be because most of 
the newer schools in this study are located in suburban areas while most of the older schools 
in neighborhood areas, and suburban schools are usually farther away from student's homes 
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than neighborhood schools. As a result, for newer schools, parents may be more likely to 
send their children on the school bus than to drive them to school. 
4.3.2 Trip Generation through Time during Peak Periods 
In order to analyze the trip-generation characteristics through time during peak 
periods, charts of the documented trip ends in each five minutes versus time away from 
school start/dismiss time were plotted for older and newer schools separately during either 
morning or afternoon peak period. Figure 4-1 and 4-2 illustrate the trip distribution through 
time during peak morning period for older and newer schools, respectively; Figure 4-3 and 4-
4 show the trip distribution through time during peak afternoon period. The distribution for 
each of twenty-three sites during morning peak period and twenty-two sites during afternoon 
peak period are shown in the charts. Information about School U9 was not included in the 
chart for newer schools in the afternoon peak period, because the data at school U9 was 
conducted by automatic traffic recorder, and the afternoon peak period data were shown 
erratic which might be due to queuing on the access. 
As shown in Figure 4-1 to 4-4, in order to eliminate the impact of different total trip 
ends at each site, the percentage of trip ends occurring during each five-minute in the total 
trip ends occurring during the whole data collection period was utilized in the analysis 
instead of the number of trip ends. Figure 4-1 to 4-4 illustrate the percentages for each site as 
well as the average percentages for each school group. 
According to Figure 4-1 and 4-2, for both newer schools and older schools, the 
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Figure 4-1: Trip Distribution through Time during AM Peak for Before 1980 
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Figure 4-2: Trip Distribution through Time during AM Peak for After 1980 Schools 
(Group S) 
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generally the trip ends change more gradually at older schools than at newer schools. The 
bulk of trip-making stretches over a period that lasts from approximately 55 - 50 minutes 
before the school start time until 5 minutes after. 
After peak time, for both newer schools and older schools, the trip ends decrease 
quickly until 5 - 10 minutes after school start time, although the decreasing slope for newer 
schools is shown slightly steeper than that for older schools. 
The trip generation distribution before the peak time shows differences between 
newer and older schools. For older schools, a gradual increase of trip ends occurs from 
around 55 - 50 minutes before school start time to the peak time, and before the time with 
the lowest trips, the trip ends seemed go up a little along with the time farther away from the 
start time instead of decreasing until no trips. For newer schools, the similar trend was 
shown, but the time with the lowest trip ends occurs around 40 - 35 minutes before school 
start times which is earlier than that for older schools, and along with the time farther away 
from the start time, the trip ends increase as well until 60 minutes before school start time or 
even earlier. 
Many facts may contribute to these results. Schools usually restrict the time for 
students who do not eat breakfast to enter the school as 20 - 10 minutes before the school 
start time, according to the policies of each school which were obtained from school 
websites. Most of the students start to be dropped off from 20 - 10 minutes before the 
restricted time which is actually 40 - 20 minutes before the school start time, and the peak 
usually occurs around the first bell that is 10 or 15 minutes before the start time. Because 
"being late" would often affect the students' final record, high dropping off activities is 
usually ended right before the start time with few late students until 5 - 10 minutes after. 
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Additionally, most schools have breakfast programs which usually start from 40 - 20 
minutes before the school start time, and the trips sending the students to these programs 
approximately contribute to a part of trip ends before the primary dropping-off trips start. 
Also, the office hours for the schools were usually 60 - 25 minutes before the school 
start time depending on if there is a before-school program, how many staffs are required to 
serve during before-school program and what time the program is started. Since the staffs in 
charge of before-school program preparation and safety are supposed to arrive at the schools 
before the students who take part in the before-school program, the trips made from these 
staffs usually occur before the students' trips and approximately make another small peak 
before most of the students start to be dropped off. 
According to Figure 4-1 and 4-2, such small peak was obvious for newer schools but 
not easy to tell for most of the older schools, which is probably due to relatively small sizes 
of the older schools and short distances between the older schools and the students' homes, 
resulting in that few students need to have breakfast at schools and few staffs are required to 
arrive at schools for the breakfast programs. Therefore, only few staffs made the small peak 
of trips, and the trips from other employees and trips for students eating breakfast contribute 
to a gradual increase of trip ends from 55 minutes before the start time, continued by the bulk 
of the dropping-off trips. As for newer schools, because these schools usually have large 
sizes which are not easy to manage, the employees are often required to arrive at schools 
before the breakfast time; hence, after the students eating breakfast enter the schools, the trip 
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Figure 4-4: Trip Distribution through Time during PM Peak for After 1980 Schools 
(Group S) 
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.Figure 4-3 and 4-4 present the trip distribution through time during afternoon peak 
periods at older schools and newer schools, respectively. The distributions for these two 
types of schools look pretty much the same, with a peak around 5 minutes after school 
dismissal time. The bulk of the trip-making stretches over a period that lasts from 35 minutes 
before the dismissal time to 30 ~ 35 minutes after dismissal time with continuous small 
amount of trips keeping occurring afterward. 
Although most parents would like to arrive school right after dismissal time to pick 
up their children which could relatively save their time, some parents without special 
schedules would rather go to school much earlier than dismissal time such as 45 ~ 35 minutes 
before and locate a spot as close as possible to the exits of the school and wait, in which way 
they could pick up their children and leave as soon as possible without struggling with the 
peak traffic in finding a spot to park/stop or being too far to conveniently pick up their 
children. In addition, since there is no pressure on "being late" for the parents in the 
afternoon to pick up their children, the picking up trips may occur until 30 minutes after 
dismissal time or even later. 
Because the data collection for this study only focused on the primary peak periods, 
the trip distribution after the primary afternoon peak period was not documented. However, 
since many schools have after school programs, another small peak after the main afternoon 
picking-up peak may occur. 
4.3.3 Peak Characteristics 
According to Figure 4-1 to 4-4, the peak 15 minute trip ends occur approximately 20 
minutes to 5 minutes before the school start time during morning peak period and around 5 
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minutes before to 10 minutes after the school dismissal time during afternoon peak period. 
Table 4-2: Peak Characteristics for Trip Generation during Peak Hours 
School ID AM PM 
K(%)* PHF** K(%)* PHF** 
Ul 66.0 0.3S 60.1 0.42 
U2 44.6 0.56 54.7 0.46 
U3 62.2 0.40 40.7 0.61 
U4 42.7 0.59 4S.S 0.51 
U5 47.9 0.52 64.4 0.39 
U6 43.7 0.57 52.6 0.4S 
U7 44.3 0.56 57.0 0.44 
us 45.3 0.55 49.1 0.51 
U9 64.6 0.39 50.9 0.49 
UlO 42.0 0.60 50.9 0.49 
Ull 51.3 0.49 5S.9 0.42 
U12 45.5 0.55 63.1 0.40 
U13 63.2 0.40 60.0 0.42 
U14 54.5 0.46 45.3 0.55 
Averaf!eS for Group U 51.7 0.50 53.5 0.48 
Sl 50.1 0.50 59.6 0.42 
S2 56.3 0.44 50.0 0.50 
S3 64.7 0.39 63.0 0.40 
S4 60.6 0.41 57.S 0.43 
S5 56.7 0.44 33.5 0.75 
S6 60.2 0.42 71.4 0.35 
S7 57.7 0.43 56.7 0.44 
SS 44.4 0.56 4S.1 0.52 
S9 66.3 0.3S 54.2 0.46 
Averaf!esfor Group S 57.4 0.44 53.7 0.48 
A veraf!e for All 54.4 0.47 53.6 0.48 
Note: 
* K =Peak 15-min Trip Ends I Peak Hour Trip Ends *100% 
** PHF =Peak Hour Total Trip Ends I (Peak 15-min Trip Ends*4) 
Table 4-2 presents the peak hour factors (PHF) and the percentages of trip ends 
occurring during peak 15-minute in total trip ends during peak hours for each site. Weighted 
averages for each school group during both morning and afternoon peak hours are also 
presented. It is shown that the percentage ranges from 42.0% to 66.3% with an average of 
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54.4% for morning peak hour and from 40.7% to 71.4% with an average of 53.6% for 
afternoon peak hour. The corresponding PHF has an average for all sites of 0.47 in the 
morning peak hour and 0 .48 in the afternoon. 
Although the average percentages of peak 15-minute trip ends in morning and 
afternoon peak hour are pretty close, morning trips show more difference in the concentration 
of trips between newer schools and older schools than afternoon trips. The concentration of 
trips during afternoon peak period is fairly similar at older schools and newer schools, while 
the trip-generation during morning peak period at older schools are less concentrated than 
that at newer schools, and also less concentrated than that during afternoon peak period at 
either old or newer schools. These results prove the characteristics of trip distribution through 
time that were explained in the previous section. 
4.4 Off-Site Vehicle Drop-off/Pick-up 
Trip generation rates for elementary schools as defined in the ITE Trip Generation 
(ITE, 2003) only counted the total trip ends entering and exiting the school accesses. 
However, during field studies, a lot of vehicles were observed temporarily stopping or 
parking on-street to drop off or pick up students, primarily at schools built before 1980. Since 
these trips were actually also generated by each school, the importance of these trips during 
school peak periods were analyzed in this study. 
Table 4-3 shows the percentage of on-street trips by total drop-off or pick-up trips 
during morning and afternoon peak hour at each study site. Weighted average percentages 
are also given for each school group during either morning or afternoon peak hour. 
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Table 4-3: Off-Site I On-Site Drop-off or Pick-up Trip Ends Comparison During 
Morning and Afternoon Peak Hours 
AM Peak Hour PM Peak Hour 
School Total Off-Site Percentage Total Off-Site Percentage 
ID Trip Drop-off of Off-Site Trip Pick-up of Off-Site 
Ends Vehicles Drop-off* Ends Vehicles Pick-up* 
Ul 324 26 13.8 150.5 38 33.6 
U2 139 0 0.0 106 0 0.0 
U3 288 8 5.3 172 19 18.1 
U4 461 143 38.3 281 67 32.3 
U5 194 58 37.4 118 18 23.4 
U6 279 20 12.5 154 18 18.9 
U7 289 4 2.7 114 19 25.0 
U8 296 21 12.4 114 13 18.6 
U9 285 NIA NIA 175 NIA NIA 
UlO 324 64 28.3 110 37 40.2 
Ull 236 7 5.6 124 34 35.4 
U12 213 32 23.1 103 47 47.7 
U13 155 0 0.0 115 0 0.0 
U14 424 0 0.0 209 8 7.1 
Averages for Group U 15.0 23.2 
Sl 431 9 4.0 208 9 8.0 
S2 256 0 0.0 218 0 0.0 
S3 173 NIA NIA 208 NIA NIA 
S4 335 0 0.0 204 0 0.0 
S5 298 1 0.7 218 2 1.8 
S6 171 0 0.0 105 0 0.0 
S7 149 5 6.3 90 0 0.0 
S8 347 43 19.9 181 15 14.2 
S9 538.5 0 0.0 391 0 0.0 
Averages for Group S 3.9 3.4 
Average Percentage for All 9.9 14.2 
Note: 
* Percentages were calculated based on the assumption that all off-site vehicles left after dropping off or 
picking up 
According to Table 4-3, most of the newer schools have no or few on-street parking 
except that School S8 has 19.9% of total drop-off trips in the morning peak hour and 14.2% 
of total pick-up trips in the afternoon peak hour on-street. The average percentages of on-
street drop-off/pick-up trips for newer schools are 3.9% in the morning peak hour and 3.4% 
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in the afternoon peak hour. On the contrary, most urban schools have extremely high 
percentage of trips dropping off or picking up students on street, especially during the 
afternoon peak period. The average percentages are 15.0% for the morning peak hour and 
23.2% for the afternoon peak hour, and at School 12 it is shown that 47.7% of total pick-up 
trips during the afternoon peak hour were on street, which means that around half of the 
traffic was not documented for calculating trip generation rates as references for future 
school development. These results are probably because the design for newer schools usually 
provides better on-site circulation and more on-site parking spaces than older schools. 
4.5 Transportation Mode Distribution 
Transportation mode distribution for elementary school students has changed 
significantly during the past forty year. However, it is not certain if the transportation mode 
distribution at Iowa elementary schools is consistent with nationwide average distribution, or 
ifthere is any difference between the transportation mode distribution at older schools and 
newer schools. In order to find out the answers for these questions, analyses based on field 
study data as well as the survey data from school officers about transportation mode were 
conducted and explained in the next following two sections, respectively. 
4.5.1 Transportation Mode Distribution based on Field Study Data 
Because the trips for other transportation modes besides passenger vehicle were also 
documented at most of the schools, a transportation mode distribution was tried to be 
illustrated. Weighted average students-per-trip-end of each mode was calculated for each 
school group during either morning or afternoon peak hour according to Equation 3-1. The 
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percentage differences of the results for newer schools from those for older schools were also 
calculated. Table 4-4 presents the results. 
Table 4-4: Weighted Average Students per Trip End 
Time of Day Passenger Vehicle School Bus* Pedestrian Bicycle 
Group U - Be.fore 1980 School 
AM 1.4 90.5 13.2 62.5 
PM 2.7 95.2 8.5 119.7 
Group S - After 1980 School 
AM 1.7 66.1 31.4 148.1 
PM 2.7 77.6 29.0 139.6 
All Sites 
AM 1.5 76.3 18.5 87.3 
PM 2.7 86.0 13.2 129.0 
Percentage Differences between Group S Data and Group U Data 
AM 18.6% -27.0% 137.3% 136.9% 
PM -1.6% -18.5% 240.5% 16.6% 
Note: 
*If school bus drop-off/pick-up areas were on street, assuming school buses left right after students were 
unloaded/loaded 
Because the more the number of students-per-trip-end, the less the total trip ends 
compared to the other schools with similar enrollment, the bigger value shown in Table 4-4 
means the smaller number of trip ends in reality. According to Table 4-4, it is obvious that 
there are big differences between the transportation mode distributions at newer schools and 
at older schools. 
Based on Table 4-4, there are on an average 1.4 students per passenger vehicle trip 
end at older schools and 1. 7 students at newer schools in the morning peak hour, while 2. 7 
students at both old and newer schools in the afternoon peak hour. The difference for the 
morning peak hour demonstrates that older schools have relatively high percentage of 
students being dropped off by passenger vehicles than newer schools during the morning 
peak hour, the reason of which was explained in the previous sections. However, since at 
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both older and newer schools most of the students who are dropped off by their parents go to 
school during the morning peak period, while only part of the students who are picked up by 
passenger vehicles leave school during the afternoon peak period with the rest of the students 
being picked up continuously after pick-up peak period, the percentage of students who are 
picked up by passenger vehicles during the afternoon peak hour show similar pattern for 
older and newer schools. 
As for school bus trips, at both older and newer schools, a slightly less bus trips occur 
during afternoon peak hour than during morning peak hour. The reason could be because 
some students who are sent to school by buses in the morning take part in after-school 
programs and are picked up by their parents then. Besides, for both morning and afternoon 
peak hour, a lot more bus trips occur at newer schools than at older schools. At newer 
schools, there is on an average 66 ~ 78 students per bus trip end, while at older schools 91 ~ 
95 students per bus trip end. This is probably due to the pattern that most newer schools are 
located at suburban areas which are seldom on the way for parents to go to work and parents 
would rather arrange their children using school buses than sending the students to schools 
by themselves. In addition, since generally only few kids who take buses in the morning are 
picked up by their parents in the afternoon, and majority of bus trips occur during the peak 
hours, the differences between bus trips at older and newer schools were apparent in both 
morning and afternoon peak hour. 
For both pedestrians and bicycles, significantly larger trips occur at older schools than 
at newer schools during either morning or afternoon peak hour. Except bicycle trips during 
afternoon peak hour, all other such trips at older schools are at least double the trips at newer 
schools. Once more, these results are probably due to the neighborhood character of older 
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schools which is easy for students to walk or bike home and suburban character of newer 
schools which is too far for students to walk or bike home. 
4.5.2 Transportation Mode Distribution based on Information from Schools 
Although the analysis based on field study results basically explained the 
transportation mode distribution during peak hours at study sites, the percentage of students 
for each mode are still unsure. Therefore, based on approximate transportation mode 
distribution data obtained from several schools, weighted average percentage of each mode 
in total enrollment was calculated for each school group. Table 4-5 presents the information 
obtained from each school and the weighted average results for each school group. 
According to Table 4-5, the percentage of students who are dropped off or picked up 
by their parents show consistency for either newer schools or older schools, and for older 
schools the percentages with an average of 87% are significantly higher than those for newer 
schools which an average of 25%. However, since the data were obtained from five newer 
schools while only from two older schools, 25% seems more confident than 87%. The 
weighted average percentage of 43 % for all sites is around 10% lower than the nationwide 
average of 53% in 1995 which was discussed in Chapter 1. The reason is probably because 
the information from less older schools which have relatively large percentages were 
obtained than that from newer schools which have relatively small percentages. 
As for the percentage of students taking buses, the percentages for each group of 
schools are not consistent. However, except School Ul 3 which was temporarily moved to 
another place and provided free bussing to all students, the bus-taking percentages at newer 
schools are higher than most of the older schools. The average percentage of 49% for newer 
schools is higher than that for older schools which is 30%, and this difference would be 
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increased furthermore after excluding School U13. For all sites with available data, the 
weighted average percentage of students who take buses is 39% which is fairly close to the 
nationwide average percentage of 35% in 1995 and 37% in 1969. 
Table 4-5: Percentage of Students by Transportation Mode 
School ID Passenger School Pedestrian Bicycle Unknown* Vehicle Bus 
Ul 8% 92% 
U3 12% 88% 
U6 91% 9% 0% 0% 0% 
U7 82% 10% 8% 0% 0% 
U8 59% 3% 38% 
U12 2% 98% 
U13 88% 12% 
Averal(efor Group U 87% 30% 4% 4% 47% 
Sl 35% 21% 31% 13% 0% 
S3 24% 42% 24% 10% 0% 
S4 23% 73% 3% 1% 0% 
S5 20% 79% 1% 0% 0% 
S6 24% 30% 30% 16% 0% 
Averal(e_for Group S 25% 49% 18% 8% 0% 
Average Percentage 43% 39% 14% 6% 27% for All 
Note: 
* unknown gives the percentage of students whose transportation modes were not obtained from the school 
The weighted average percentages of students walking or biking show opposite 
results for older and newer schools to the results based on field study results. The pedestrian 
percentages at newer schools have an average of 18% which is higher than 4% at older 
schools; the bicyclist percentages at newer schools have an average of 8% which is higher 
than 4% at newer schools as well. The reason should be because only two older schools with 
relatively low percentage of pedestrians and bicyclists were included into calculation, but all 
three of nine newer schools which have high percentage of pedestrians and bicyclists were 
included while none of the four newer schools with low percentages were included. The 
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average percentages for all sites are 14% for pedestrians and 6% for bicyclists, and the 
percentage of pedestrians is fairly close to the nationwide average percentage of 13% in 
1995. 
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Chapter 5. Trip Generation Rates 
5.1 Introduction 
In this chapter, the trip generation rates for both morning and afternoon peak hour 
that were calculated from the collected data are presented based on two socio-economic 
variables "Number of Students" and "Number of Employees". Other than the trip ends 
entering and exiting the driveways, the total trip ends including both on-site and off-site trips 
were also tried in trip generation rate calculation to show the impact of off-site trips in final 
results. 
The calculated rates were compared with the corresponding ITE rates by calculating 
the percentage differences of the calculated rates from ITE rates for each average rate and 
analyzing the statistical significance of these differences through T-test. 
All these steps were conducted separately for difference school group: Group U, 
Group S and All Sites. 
5.2 Trip Generation Rates 
Average trip generation rates were calculated for each site based on the independent 
variable "Number of Students" and "Number of Employees", and the weighted average rates 
were given for each school group. Due to the existence of few atypical data and some 
possibly undercounted data, the weighted average calculation was also conducted only for 
the schools with representative peak hour trip generation data to describe the typical traffic 
activities in school zones during peak hours. In addition, similar calculation was conducted 
for the total trip ends during peak hours including both driveway trip ends and off-site 
vehicle trips. Detailed descriptions are in the following sections. 
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5.2.1 General Trip Generation Rates 
Table 5-1 shows the trip generation rates for each site. Weighted average rates for 
each school group during both morning and afternoon peak hour that were calculated by 
Equation 3-2 are also shown in Table 5-1 with the ratio of the standard deviation to each 
average rate. 
As shown in Table 5-1, the trip rates are generally consistent at most sites, except that 
School U4 and U6 have relatively high rates based on both independent variables for both 
morning and afternoon peak hours, and School S9 has relatively high rates based on both 
variables for afternoon peak hour. 
The high rates at School U4 are probably because the school is close to a middle 
school and teachers from the middle school were observed parking in the parking lot of 
School U4 which possibly increased the trip ends documented at the driveways of School 
U4. The high rates at School U6 are probably due to its children care center that has a similar 
size with its elementary section, and requires parents to bring their children into the room and 
sign before they leave which means that these children have to be sent to the school by their 
parents, resulting in the increase of the total trip ends. The high rates for afternoon peak hour 
at School S9 is approximately caused by its largest size within all twenty-three schools and 
its free transportation policy which restricts free transportation only to the students who live 
two miles or more from the school while in some other large newer schools transportation is 
free for all students, resulting in more trips made by those parents who are able to go out 
temporarily from work to pick up their children. 
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Table 5-1: Trip Generation Rates 
School ID Students Employees AM PM AM PM 
Group U -Be'ore 1980 Schools 
Ul 0.76 0.35 5.14 2.39 
U2 0.52 0.40 3.97 3.03 
U3 0.69 0.41 4.80 2.87 
U4 0.90 0.55 7.95 4.84 
U5 0.42 0.26 3.40 2.07 
U6 1.14 0.63 6.98 3.85 
U7 0.95 0.38 7.61 3.00 
U8 0.59 0.23 4.93 1.90 
U9 0.66 0.41 6.95 4.27 
UlO 0.68 0.23 6.35 2.16 
Ull 0.70 0.37 4.63 2.43 
U12 0.70 0.34 4.63 2.24 
Ul3 0.39 0.29 3.04 2.25 
U14 0.84 0.41 8.31 4.10 
Ave (S.D./Ave) 0.70 (0.29) 0.37 (0.31) 5.57 (0.31) 2.91 (0.32) 
Adjusted Ave (S.D./Ave)* 0.71 (0.28) 0.36 (0.29) 5.45 (0.29) 2.86 (0.29) 
Group S-A 'fer 1980 Schools 
Sl 0.76 0.36 6.34 3.06 
S2 0.50 0.43 3.41 2.91 
S3 0.64 0.37 6.05 3.47 
S4 0.45 0.27 4.19 2.55 
S5 0.49 0.36 3.43 2.51 
S6 0.64 0.39 5.52 3.39 
S7 0.65 0.39 4.14 2.50 
S8 0.55 0.29 6.31 3.29 
S9 0.70 0.51 6.12 4.44 
Ave (S.D./Ave) 0.59 (0.18) 0.37 (0.19) 4.98 (0.25) 3.14 (0.20) 
Adjusted Ave (S.D./Ave)* 0.59 (0.19) 0.37 (0.20) 5.10 (0.24) 3.11 (0.21) 
All Sites 
Ave (S.D./Ave) 0.65 (0.28) 0.37 (0.26) 5.30 (0.29) 3.02 (0.27) 
Adjusted Ave (S.D./Ave)* 0.65 (0.27) 0.37 (0.25) 5.29 (0.27) 2.98 (0.25) 
ITE Rates (S.D./Ave) 0.42 (1.62) 0.28 (1.93) 5.19 (0.64) 3.45 (0.66) 
Note: 
*Calculation was conducted excluding School U4, U9, U13, S2 and S3 for morning peak rates and School 
U4, US, U13 and S3 for afternoon peak rates 
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In addition, School US has relatively low rates for afternoon peak hour and School 
U13 has relatively low rates for both morning and afternoon peak hour. Relatively low rates 
for afternoon peak hour at School US are probably due to a large percentage of students 
taking buses since free transportation is offered to all students. Because School U13 is 
temporarily moved to another empty school to facilitate the construction of the original 
building, free transportation was available for all students and most of the students took 
buses during the school year when the study was conducted since the temporary location of 
the school was not as close as its original location to the students' homes, resulting in low 
trip ends from the parents' vehicles. 
As shown in Table 5-1, weighted average trip generation rates for each school group 
during both morning and afternoon peak hour were also calculated, along with the ratio of 
standard deviation to each weighted average rate. The ratio of standard deviation to each rate 
ranges from O.lS to 0.32 which represents a small amount of deviation for the rates at each 
site from the weighted average rates and really good correlations between the rates at each 
individual site. Moreover, all ratios of standard deviation to average trip generation rates for 
newer schools are shown smaller than those for older schools indicating that the trip 
generation characteristics at newer schools have less variation than that at older schools. The 
reason is probably because the total number of trips entering and exiting the driveways may 
vary a lot depending on the number of off-site drop-off/pick-up trips and there are much less 
off-site drop-off/pick-up trips at newer schools than at older schools. 
In addition, the rates at newer schools for morning peak hour are lower than those at 
older schools, which is probably due to more students taking buses at newer schools than at 
older schools. However, for afternoon peak hour, the student-based rate at newer schools is 
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consistent with the rate at older schools, while the employee-based rate at newer schools is 
even higher than the rates at older schools. The reason for the consistent student-based rates 
should be the same as that for the consistent students-per-trip-end at old and newer schools 
which was explained in the previous chapter. The reason for the higher employee-based rate 
at newer schools is probably because the required number of employees who are in charge of 
miscellaneous activities such as art or music other than the major classes are probably the 
same at newer schools as that at older schools while newer schools usually have much more 
students than older schools, which makes the employee-to-student ratio at older schools 
usually larger than that at newer schools. 
Considering that the trip generation data at several schools were not conducted 
exactly during the peak hours which may undercount the total peak hour trip ends, weighted 
average trip generate rates were recalculated excluding these sites. Additionally, based on the 
previous analysis, trips that were documented at School U4 were not for certain only 
generated by this school, and data at School U13 was not typical since the school was moved 
to another location temporarily; hence, these two schools were also excluded while 
recalculating the weighted average rates. The results for recalculation are also shown in 
Table 5-1. 
After excluding the potentially unreliable data, the ratios of standard deviation to 
weighted average trip generation rates for older schools are reduced while the ratios for 
newer schools do not changed much and even increase slightly, which means that the 
adjusted dataset for older schools basically has less variation than the original one while the 
adjusted dataset for newer schools has similar variation with the original one. 
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In addition, for both old and newer schools, the adjusted average student-based rates 
during either morning or afternoon peak hours are basically the same as the original ones, 
which is because both over-counted and under-counted data were excluded from the original 
dataset for older schools and the excluded newer schools with under-counted data probably 
have higher rates than other newer schools in reality. Additionally, for newer schools, the 
average employee-based morning rate increases after recalculation while employee-based 
afternoon rate is reduced slightly. The reason is because the only excluded School S3 for 
afternoon peak hour has a relatively high employee level in the newer school group while the 
excluded School S2 for morning peak hour has almost the highest employee level in the 
newer school group. The average employee-based rates for older schools decrease for both 
morning and afternoon peak hour after recalculation, which is because most of the excluded 
sites have relatively low level of employees in the older school group. 
Average rates for all sites, the corresponding recalculated rates for all sites based on 
only reliable data and the rates published by ITE (2003) are also shown in Table 5-1, along 
with the ratio of standard deviation to each rate. The rates calculated from the adjusted 
dataset have not much difference with the rates calculated from the original dataset, except 
that the employee-based rate in afternoon peak hour is slightly increased after recalculation. 
The ratios of standard deviation to each recalculated rate are all smaller than the 
corresponding ratios to each original rate. 
In addition, the rates calculated from the datasets in this study have much less 
variation than ITE rates, and the student-based rates are much higher than ITE rates while the 
employee-based rates are similar or even lower than ITE rates. The reason for the unchanged 
employee-based rates is probably because some old ITE data used full-time employee as 
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independent variable although the variable "number of employees" was defined in the newest 
ITE trip generation (2003) as the total number of employees including both part-time and 
full-time. Another reason could be the increasing trend of employee-to-student ratio (Bennett, 
1999), since the schools tend to offer more activities other than core courses to the students. 
5.2.2 Trip Generation Rates Considering both On-Site and Off-Site Trip Ends 
Since a lot of drop-off/pick-up trips were observed around the elementary schools, 
primarily at older schools, and according to the analysis in the previous chapter high 
percentage of off-site drop-off/pick-up trips has significant impact on the trip generation 
results, the trip generation rates for each site were also attempted to be calculated including 
off-site drop-offs or pick-ups based on both independent variables for both morning and 
afternoon peak hour. Since off-site drop-off/pick-up trips were neither collected at School U9 
due to utilization of automatic trip recorder nor at School S3 due to the limited collectors, 
these two schools were not included into the analysis. The weighted average rates were also 
recalculated for each school group. Table 5-2 shows the results. 
Compared between the results in Table 5-1 and 5-2, the weighted average trip 
generation rates for older schools increase 20% in the morning peak hour and around 30% in 
the afternoon peak hour after including off-site drop-off/pick-up trips, while weighted 
average rates for newer schools decrease around 3% in both morning and afternoon peak 
hour which is probably due to excluding School S3 which has relatively high rates. As a 
result, all weighted average rates for older schools are larger than the corresponding average 
rates for the newer schools. The average rates for all sites increase around 10% in the 
morning peak hour and around 18% in the afternoon peak hour. 
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Table 5-2: Trip Generation Rates Considering Off-Site Dropoff/Pickup Trip Ends 
School ID Students Employees AM PM AM PM 
Group U-Bef'ore 1980 Schools 
Ul 0.88 0.53 5.97 3.60 
U2 0.52 0.40 3.97 3.03 
U3 0.73 0.50 5.07 3.50 
U4 1.46 0.81 12.88 7.16 
U5 0.68 0.34 5.44 2.70 
U6 1.30 0.78 7.98 4.75 
U7 0.98 0.50 7.82 4.00 
U8 0.67 0.28 5.63 2.33 
U9 NIA NIA NIA NIA 
UlO 0.95 0.39 8.86 3.61 
Ull 0.74 0.57 4.90 3.76 
U12 0.91 0.65 6.02 4.28 
U13 0.39 0.29 3.04 2.25 
Ul4 0.84 0.44 8.31 4.41 
Ave (S.D.IAve)* 0.84 (0.34) 0.49 (0.35) 6.66 (0.37) 3.79 (0.34) 
Ad.justed Ave (S.D./Ave)** 0.83 (0.27) 0.48 (0.32) 6.46 (0.26) 3.66 (0.20) 
Group S -A F"ter 1980 Schools 
Sl 0.79 0.40 6.60 3.32 
S2 0.50 0.43 3.41 2.91 
S3 NIA NIA NIA NIA 
S4 0.45 0.27 4.19 2.55 
S5 0.50 0.37 3.45 2.55 
S6 0.64 0.39 5.52 3.39 
S7 0.69 0.39 4.42 2.50 
S8 0.68 0.33 7.87 3.84 
S9 0.70 0.51 6.12 4.44 
Ave (S.D.IAve)* 0.57 (0.27) 0.38 (0.18) 4.85 (0.35) 3.21 (0.22) 
Ad_justed Ave (S.D.IAve)** 0.62 (0.28) 0.38 (0.18) 5.36 (0.29) 3.21 (0.22) 
All Sites 
Ave (S.D.IAve)* 0.71 (0.38) 0.44 (0.34) 5.84 (0.40) 3.53 (0.32) 
Ad.iusted Ave (S.D./Ave)** 0.73 (0.29) 0.43 (0.31) 5.94 (0.28) 3.42 (0.22) 
ITE Rates (S.D./Ave) 0.42 (1.62) 0.28 (1.93) 5.19 (0.64) 3.45 (0.66) 
Note: 
* Calculation was conducted excluding School U9 and S3 
**Calculation was conducted excluding School U4, U9, Ul 1, Ul3, S2 and S3 for morning peak rates and 
School U4, US, U7, U9, U13 and S3 for afternoon peak rates 
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The range for the ratios of standard deviation to each average rate is from 0.18 to 0.38 
which is larger than that for the ratios of standard deviation to each average rate only based 
on on-site trips. The main reason for this increased data variety is probably because not all 
off-site trips were documented at several schools due to the limited data collection resources. 
Since some schools may have several available locations on adjacent streets for parents to 
drop-off/pick-up their children, some trips could be missed if the vehicles parked on places 
where the data collectors were not able to see. 
Table 5-2 also shows the weighted average rates that were recalculated based on the 
adjusted dataset excluding atypical and possibly under-counted on-site trip generation data as 
well as possibly under-counted off-site trip generation data. According to Table 5-2, the 
changes for the rates based on the adjusted dataset from the rates based on the original 
dataset show similar pattern with the changes for the rates based on only on-site trip ends as 
shown in Table 5-1, except that the average student-based morning rate for newer schools 
increases instead of no change while the employee-based afternoon rate for newer schools 
keep the same instead of decreasing, which are probably because the School S3 with 
relatively low employee level and relatively high morning rates in the newer school group 
were already excluded before adjusting the dataset. 
In addition, the recalculated ratios of standard deviation to each average rate are 
decreased for most rates except that the afternoon rates for newer schools keep the same 
value, which represent the improvement of most datasets and no change of the newer school 
dataset after adjustment. 
For all sites, the student-based average rates calculated from the adjusted dataset do 
not have much difference with the rates calculated from the original dataset, while the 
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adjusted employee-based morning rate is higher than the original rate and the adjusted 
employee-based afternoon rate is lower. The ratios of standard deviation to each average rate 
for the rates calculated from the adjusted dataset are all smaller than those for the original 
rates. In addition, the average rates except adjusted employee-based afternoon rate are all 
higher than the corresponding rates published by ITE (2003) with much less ratios of 
standard deviation to average rate. 
5.3 Comparison with ITE Rates 
Based on the basic comparison between the calculated rates and the corresponding 
ITE rates in the previous sections, a general idea is given as that most of the calculated rates 
are higher than ITE rates. In this section, the calculated rates based on original on-site trip 
generation data, adjusted on-site trip generation data, original total trip generation data 
including both on-site and off-site trips, and adjusted total trip generation data will all be 
compared with ITE rates by finding the percentage differences between the calculated rates 
and ITE rates and conducting T-tests to determine the statistical significance of these 
differences. 
5.3.1 Percentage Differences 
The comparison between the calculated weighted average rates and the corresponding 
ITE rates were made firstly by calculating the percentage differences between the rates using 
equation 3-4. Table 5-3 presents the results. 
As shown in Table 5-3, percentage differences between the calculated rates and ITE 
rates basically correspond to the analyses in the previous sections. As for student-based rates, 
all calculated weighted average rates are much higher than the relative ITE rates with 
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Table 5-3: Percentage Differences between Calculated Rates and ITE Rates(%) 
Type of Rates Students Employees AM PM AM PM 
Group U - Before 1980 Schools 
Ave 66.4 30.7 7.2 -15.5 
Adjusted Ave* 68.5 29.6 4.9 -17.2 
Ave. with Offsite** 102.5 73.5 27.9 9.9 
Adjusted Ave with 97.0 71.1 24.5 6.0 Offsite*** 
Group S - After 1980 Schools 
Ave 40.3 32.8 -4.0 -8.9 
Adjusted Ave* 41.2 32.9 -1.7 -10.0 
Ave. with Offsite** 44.9 37.2 -2.1 -7.1 
Adjusted Ave with 3.3 -7.1 Offsite*** 48.4 37.2 
All Sites 
Ave 54.2 31.7 2.1 -12.5 
Adjusted Ave* 55.6 31.3 2.0 -13.6 
Ave. with Offsite** 76.2 56.9 14.7 2.4 
Adjusted Ave with 73.0 52.3 14.5 - 1.0 Offsite*** 
Note: 
*Calculation was conducted excluding School U4, U9, U13, S2 and S3 for morning peak rates and School 
U4, US, U13 and S3 for afternoon peak rates 
** Calculation was conducted excluding School U9 and S3 
***Calculation was conducted excluding School U4, U9, Ul 1, U13, S2 and S3 for morning peak rates and 
School U4, US, U7, U9, U13 and S3 for afternoon peak rates 
percentage differences ranging from 30% to 103%. Moreover, for morning peak hour, 
percentage differences between the calculated student-based rates for older schools and ITE 
rates are at least 1.6 times the percentage differences between the calculated rates for newer 
schools and ITE rates, which is probably because most of the sites included in ITE Trip 
Generation are located in suburban area (ITE, 2003). For afternoon peak hour, same case 
occurs for the rates based on total trip generation data including both on-site and off-site trip 
ends, but between the calculated rates based on only on-site trip generation data and ITE 
rates, consistent percentage differences are shown for older schools and newer schools. Once 
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more, these results illustrate that there is not much difference for driveway traffic during 
afternoon peak hour between old and newer schools, but there are much more off-site drop-
off/pick-up activities at older schools than at newer schools. 
The differences between the calculated employee-based average rates with ITE rates 
are much smaller than those for student-based average rates with percentage differences 
ranging from -17% to 28%, which means that some calculated employee-based rates are 
higher than ITE rates while others are lower. The reason for the rates lower than ITE rates 
was mentioned in the previous sections as utilizing full-time employee numbers instead of all 
employee numbers in some old data of ITE and increasing tendency of employees. 
As for the results for different school groups, all calculated employee-based rates at 
newer schools are lower than ITE rates except the morning rate based on adjusted dataset 
including off-site trips, and the percentage differences range from -10% to 3 % which 
represent no substantial differences. For older schools, all morning employee-based rates are 
higher than ITE rates with percentage differences of 7% and 5% for rates based on original 
and adjusted datasets with only on-site data, respectively, and 28% and 25% for rates based 
on original and adjusted datasets including off-site data, respectively. Again, these results 
prove the significant impact of off-site trips at older schools. For the afternoon peak hour, the 
employee-based rates for older schools are even lower than ITE rates with percentage 
differences of -16% to -1 7% when off-site trips are not included, but after considering off-
site data, the calculated rates are turned to be higher than ITE rates with percentage 
differences of 6% to 10%. The average employee-based rates at all sites show -14% to 15% 
differences with ITE rates which represent no big differences. 
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To sum up, the calculated student-based rates are much higher than ITE rates for both 
older schools and newer schools. Without considering off-site drop-off/pick-up trips, the 
calculated employee-based rates for both morning peak hour and afternoon peak hour at 
newer schools are slightly lower than ITE rates, while rates for older schools are slightly 
higher than ITE morning peak hour rate and lower than ITE afternoon peak rate. After 
considering off-site trips, the differences between employee-based rates for older schools and 
ITE rates are increased a lot if they are positive before and turned to positive if they are 
negative before, and such negative differences for newer schools are decreased slightly with 
only one turned to positive. 
5.3.2 T-test Results 
According to the results from the previous analyses, the calculated student-based trip 
generation rates are much higher than ITE rates, while the calculated employee-based rates 
are either higher than ITE rates with much smaller percentage of differences or even lower 
than ITE rates. In this section, whether these differences are statistically significant or not 
were tested by conducting T-test for the difference between each weighted average rate with 
the corresponding ITE rate. Table 5-4 presents the T-test results including T statistic and the 
corresponding P-value for each weighted average rate that has been analyzed in the previous 
section. A significant level of 0.10 was used as the criterion. 
According to Table 5-4, for student-based rates, all morning peak hour rates are 
shown significantly different with ITE rates in statistics, so the local student-based trip 
generation rates for morning peak hour are believed to be significantly different with the 
corresponding ITE rates (2003). 
\ 
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Table 5-4: T-test between Weighted Average Rates and ITE Rates 
Time Students Employees 
of Type of Rates T stat P-Value Sig. T stat P-Value Sig. Day 
Group U - Before 1980 Schools 
Ave 2.2671 0.0139 Yes 0.5007 0.3096 No 
Ad.iusted Ave* 2.2998 0.0130 Yes 0.3374 0.3688 No 
AM Ave with Offsite** 3.1318 0.0015 Yes 1.5651 0.0625 Yes 
~djusted Ave with 3.1242 0.0015 Yes 1.5853 0.0605 Yes Offsite*** 
Ave 0.9158 0.1821 No 1.1184 0.1348 No 
Adjusted Ave* 0.8766 0.1926 No 1.2423 0.1107 No 
PM Ave with Offsite** 2.0421 0.0233 Yes 0.6334 0.2650 No 
k'\djusted Ave with 1.9458 0.0290 Yes 0.4314 0.3343 No Offsite*** 
Group S - After 1980 Schools 
Ave 1.4623 0.0753 Yes -0.2894 0.3869 No 
Ad.justed Ave* 1.4627 0.0754 Yes -0.1203 0.4525 No 
AM Ave with Offsite** 1.5921 0.0593 Yes -0.1326 0.4476 No 
Adjusted Ave with 1.7011 0.0481 Yes 0.2049 0.4194 No Offsite*** 
Ave 1.0006 0.1612 No -0.6706 0.2533 No 
Ad_justed Ave* 1.0135 0.1582 No -0.7348 0.2335 No 
PM Ave with Offsite** 1.1320 0.1319 No -0.5109 0.3062 No 
Adjusted Ave with 1.1323 0.1319 No -0.5123 0.3058 No Offsite*** 
All Sites 
Ave 1.9552 0.0277 Yes 0.1640 0.4352 No 
Ad_iusted Ave* 1.9758 0.0266 Yes 0.1491 0.4410 No 
AM Ave with Offsite** 2.5695 0.0064 Yes 0.9775 0.1665 No 
Adjusted Ave with 2.5209 0.0074 Yes 1.0508 0.1494 No Offsite*** 
Ave 0.9742 0.1670 No -0.9781 0.1663 No 
Ad.iusted Ave* 0.9590 0.1709 No -1.0656 0.1460 No 
PM Ave with Offsite** 1.6841 0.0489 Yes 0.1764 0.4304 No 
Adjusted Ave with 1.5521 0.0633 Yes -0.0761 0.4698 No Offsite*** 
Note: 
P-values and texts in pink indicate significant differences in statistics. 
* Calculation was conducted excluding School U4, U9, Ul3, S2 and S3 for morning peak rates and School 
U4, U5, Ul 3 and S3 for afternoon peak rates 
** Calculation was conducted excluding School U9 and S3 
***Calculation was conducted excluding School U4, U9, Ul l, Ul3, S2 and S3 for morning peak rates and 
School U4, U5, U7, U9, Ul3 and S3 for afternoon peak rates 
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However, the student-based rates for afternoon peak hour are only shown 
significantly different with ITE rates in statistics based on the datasets including off-site trips 
for older schools and for all sites. Because off-site drop-off/pick-up trips are not included in 
ITE Trip Generation (2003), and there are not statistically significant differences shown for 
newer schools which are usually located in suburban area where most of the sites included in 
ITE (2003) were located in, no statistically significant differences are concluded between 
local afternoon peak hour student-based rates and the corresponding ITE rates. 
As for employee-based trip generation rates, none of the calculated morning peak 
hour rates except the rates for older schools based on datasets including off-site trips are 
significantly different than the ITE rates. Again, the only rates statistically significant 
different than ITE rates are impacted by off-site trips at older schools. For afternoon peak 
hour, all employee-based trip generation rates are shown not significantly different with ITE 
rates in statistics. As a conclusion, local employee-based trip generation rates are believed 
not to have statistically significant differences with the corresponding ITE rates. 
5.3.3 Rate Comparison between Different School Groups 
According to the previous discussion, big differences are found between the trip 
generation rates during peak hours for newer schools and those for older schools. In this 
section, the differences between the weighted average rates for these two school groups were 
analyzed by calculating the percentage differences between the rates for older schools and 
those for newer schools and conducting T-test for each of these differences. Table 5-5 
presents the comparison results. 
According to Table 5-5, based on the dataset without off-site trips, it is apparent that 
the student-based trip generation rates for older schools are significantly higher than those for 
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newer schools in the morning peak hour in statistics with a percentage of 19% for both 
original and adjusted datasets, but slightly lower than the rates for newer schools in the 
afternoon peak hour with a percentage of -2% - -3% which are not statistically significant. 
After considering off-site trips, the differences between rates for older schools and those for 
newer schools are increased by 13 % - 19% for morning peak hour and around 27% for 
afternoon peak hour and all differences become statistically significant. 
Table 5-5: Comparison between Weighted Average Rates for Group U and Group S 
Time Type of Rates Students Employees of Day % T stat P-Value Sig. % T stat P-Value Sig. 
Ave 18.6 1.6940 0.0519 Yes 11.8 0.9428 0.1778 No 
Ad_justed Ave* 19.3 1.5745 0.0664 Yes 6.8 0.5262 0.3026 No 
AM Ave with 39.7 2.6036 0.0083 Yes 30.7 1.6960 0.0523 Yes Off site** 
Adjusted Ave 32.7 2.4469 0.0128 Yes 20.5 1.3818 0.0925 Yes with Offsite*** 
Ave -1.6 -0.1579 0.4380 No -7.3 -0.7016 0.2450 No 
Ad_justed Ave* -2.5 -0.2270 0.4114 No -8.0 -0.7340 0.2360 No 
PM Ave with 26.5 1.8975 0.0358 Yes 18.3 1.3535 0.0951 Yes Offsite** 
Adjusted Ave 24.7 1.6833 0.0553 Yes 14.0 1.2901 0.1072 No with Offsite*** 
Note: 
P-values and texts in pink indicate significant differences in statistics. 
*Calculation was conducted excluding School U4, U9, Ul3, S2 and S3 for morning peak rates and School 
U4, US, Ul3 and S3 for afternoon peak rates 
**Calculation was conducted excluding School U9 and S3 
***Calculation was conducted excluding School U4, U9, Ul 1, Ul3, S2 and S3 for morning peak rates and 
School U4, US, U7, U9, Ul3 and S3 for afternoon peak rates 
As for employee-based trip generation rates, based on datasets without off-site trips, 
the differences between the rates for older schools and those for newer schools are not 
statistically significant with percentages of 7% - 12% for morning peak hour and -7% - -8% 
for afternoon peak hour. Again, after considering the off-site trips, such differences are 
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increased a lot and become statistically significant except for the afternoon peak hour rate 
based on the adjusted dataset. 
5.4 Conclusions 
ITE Trip Generation Handbook (2001) set guidelines on conducting a local trip 
generation study and suggested that a good study site should have limited ability for 
pedestrians to walk into the site from nearby parcels as well as limited transit availability 
unless transit usage can be counted. As for elementary schools, such criteria could be 
translated as suburban schools, which only most of the newer schools (Group S) in this study 
account for. However, such school site restriction recommended by ITE is actually only used 
to isolate the site for counting purposes since most of the data included in ITE Trip 
Generation for any land use (2003) were collected by automatic traffic data recorders, which 
was only used at one site in this study while manual counts were utilized at all other study 
sites. In addition, based on the characteristics of the elementary schools, it is almost 
impossible for students from any elementary school in urban or suburban area to just be 
dropped-off/picked-up by their parents or school buses on-site, which means that even the 
old data included by ITE could have missed some off-site trips or trips in other modes 
although they were in suburban area. Also, since it was proved to be different between trip 
generation characteristics at older schools and those at newer schools, only including 
suburban schools which are usually new can not give good references for the future 
development of the older schools. Therefore, all sites included in this study are believed 
appropriate to be included into local trip generation rate calculation. Moreover, because the 
adjusted datasets based on only on-site trips have more confident data, the weighted average 
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rates based on the adjusted datasets including only driveways traffic are more confident to be 
used as references. 
According to the analysis results in the previous section about comparison between 
weighted average rates for older schools and those for newer schools, there are statistically 
significant differences between trip generation rates for older schools and those for newer 
schools only for morning peak hour based on the variable "Number of Students". As a result, 
as for appropriate references for local use in Iowa, it is probably meaningful to build student-
based trip generation rate in the morning peak hour for older schools and for newer schools 
separately as references, while considering all schools together when building student-based 
trip generation rate in the afternoon peak hour and employee-based trip generation rates. 
ITE (2001) suggested that a confirmed local weighted trip generation rate should be 
at least 15% higher or lower than the corresponding ITE rate. Since the calculated student-
based morning peak hour trip generation rates based on adjusted datasets are 41 % higher than 
ITE rate for newer schools and 69% higher for older schools both of which are much higher 
than 15%, and both of these differences were determined to be statistically significant, the 
weighted average student-based rate based on adjusted dataset for newer schools with a value 
of 0.59 is appropriate to be used to predict traffic generated by a future elementary school 
development in Iowa suburban areas, while the weighted average rate based on adjusted 
dataset for older schools with a value of 0. 71 is appropriate to be used for future elementary 
school development in Iowa urban areas. 
As for the student-based trip generation rate in the afternoon peak hour for all sites, 
the calculated rate based on adjusted dataset is 31 % higher than the corresponding ITE rate. 
Although this difference was determined to be not statistically significant at significant level 
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of 0.10, since it is much higher than 15%, and the possible reason for the insignificance could 
be the high standard deviation ofITE dataset, the weighted average student-based rate for the 
afternoon peak hour based on the adjusted dataset at all sites with a value of 0.37 is believed 
appropriate to be used as reference for future elementary school development in Iowa urban 
or suburban area. 
In addition, the weighted average employee-based trip generation rates based on the 
adjusted datasets at all sites are 2% higher than ITE morning peak rate and 14% lower than 
ITE afternoon rate. Since neither of these differences is greater than 15% and neither of them 
is statistically significant at significant level of 0.10, ITE employee-based rates are still 
recommended to be used with a value of 5 .19 in the morning peak hour and 3 .45 in the 
afternoon peak hour for future elementary school development in Iowa urban or suburban 
areas. Table 5-6 shows the recommendations about using trip generation rates during peak 
hours as references for Iowa elementary school future development. 
Table 5-6: Recommendations on Trip Generation Rates for Iowa Elementary School 
Future Development 
Independent Variable 
Applicable School Type Number of Students Number of Employees 
AM PM AM PM 
Before 1980 Schools (S.D.) 0.71 (0.20)* 0.37 (0.09)* 5.19 (3.30) 3.45 (2.27) 
After 1980 Schools (S.D.) 0.59 (0.11)* 0.37 (0.09)* 5.19 (3.30) 3.45 (2.27) 
Source Calculated for Calculated for ITE ITE Each Group All Sites 
ITE 2003 Rates (S.D.) 0.42 (0.68) 0.28 (0.54) 5.19 (3.30) 3.45 (2.27) 
Note: 
*Calculation was conducted excluding School U4, U9, U13, S2 and S3 for morning peak hour rates and 
School U4, U5, U13 and S3 for afternoon peak hour rates 
The trip generation rates in Table 5-6 only considered the trip ends occurring on the 
driveways of the schools. However, according to the previous analyses, the off-site trip ends 
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significantly impact the consistency of the trip generation rates based on only on-site 
driveway traffic with the actual activities around school zones, especially for older schools. 
The trip generation rates based on datasets including off-site trips seem more meaningful in 
predicting increased trips generated by new development of the schools. Unfortunately, 
because of the data incompleteness for the off-site drop-off/pick-up trips in this study, the 
trip generation rates calculated based on the total trip ends including off-site trips are not 
recommended to be directly used for future Iowa elementary school development, but only as 
general references for the planners and engineers to consider the impact of off-site trips, 
especially for future development of older schools. 
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Chapter 6. Regression Model for Trip Generation 
6.1 Introduction 
In this chapter, the "best fit" trip generation equations for both morning and afternoon 
peak hour are presented based on two socio-economic variables "Number of Students" and 
"Number of Employees". Equations were developed first for all twenty-three sites and the 
separate equations were developed for schools with potentially reliable trip end data. Other 
than the on-site trip ends, the total trip ends including both on-site and off-site trips were also 
tried in fitting another set of trip generation equations to give references when considering 
off-site trips. 
In addition, in order to analyze the possible impact of socio-economic environment 
on trips generated by the elementary schools, multiple linear regression analyses were 
conducted based on several possible socio-economic factors that were not limited to 
"Number of Students" and "Number of Employees". 
All these steps were conducted separately for older, newer and all sites. 
6.2 Single-Variate Regression Analysis 
As discussed in Chapter 2, ITE Trip Generation (2003) included linear regression 
(Equation 2-1) and logarithmic (Equation 2-2) regression. In order to be consistent with ITE 
results, in this study, both of these two forms were tried in finding the best fit curves for trip 
generation data of each school group with each independent variable, and the better one was 
chosen with a larger R2 value and a smaller corresponding P-value. The regression results are 
described for the independent variable "Number of Students" and "Number of Employees" in 
the following sections, respectively. 
79 
6.2.1 Number of Students 
Figure 6-1 and 6-2 provide the regression results for the independent variable 
"Number of Students" for morning peak hour and afternoon peak hour, respectively. Actual 
point data plots, the best fit curve and the line with a slope of the weighted average rate are 
all plotted in each chart. As discussed in Chapter 5, the results based on only the potentially 
reliable data are more convincible than the results based on data at all twenty-three sites, so 
Figure 6-1 and 6-2 only show the results based on the adjusted datasets including both new 
and older school data for either morning or afternoon peak hour. 
According to Figure 6-1 and 6-2, the actual data points seem basically consistent 
along with the increase of the student numbers, although morning peak hour data are more 
dispersed than afternoon peak hour data. One exception is that the point for School S9 which 
has much higher total trip ends is located obviously away from the other points for the 
afternoon peak hour. This "outlier" is probably generated by the fact that at other schools 
which have similar school configurations and school characters with School S9 there are 
much more percentage of students who take buses. 
The prediction lines based on the weighted average trip generation rates are pretty 
close to the best fit curves, and for afternoon peak hour, these two curves are much closer to 
each other than for morning peak hour. The reason for such difference between morning and 
afternoon peak hour is probably because the trip ends in the morning peak hour are usually 
larger than that in the afternoon peak hour as discussed in Chapter 4, which makes it easier 
for the morning dataset to have relative large offset between data at 
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Figure 6-1: Best Fit Regression Results for Trip Generation at Iowa Elementary 
Schools based on Independent Variable Number of Students during AM Peak Hour 
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Figure 6-2: Best Fit Regression Results for Trip Generation at Iowa Elementary 
Schools based on Independent Variable Number of Students during PM Peak Hour 
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each individual site. The ranges for the independent variable "Number of Students" with the 
most consistent predictions from either method is less than 600 students for the afternoon 
peak hour, and around 350 to 500 students for the morning peak hour. 
In Table 6-1, the best fit regression equations based on only trips entering and exiting 
the school driveways as well as equations based on total trip ends including both on-site and 
off-site trip ends are presented. The equations based on either the original datasets or the 
adjusted datasets are also separately shown. Each of these results is given for Group U, 
Group S and All Sites. 
As for the regression equations based on only trips entering and exiting the 
driveways, according to Table 6-1, most of the equations are statistically significant at 
significant level of 0.10 except the one for afternoon peak hour based on confident on-site 
data at older schools. However, the R2 values for older schools which range from 0.16 to 0.36 
are much lower than those for newer schools which are from 0.81 to 0.85. This is probably 
due to relative varied trip-generation characteristics at different older schools and similar 
trip-generation characteristics at most newer schools. Since a regression equation is 
recommended by ITE (2001) to be acceptable when its R2 value is over 0.75 and there are at 
least four data points, all equations for newer schools are acceptable to be used for future 
elementary school development in Iowa suburban area. 
For datasets including both old and newer schools, all equations have R2 values of 
over 0.50. Since ITE (2001) also recommended to accept a regression equation when its R2 
value is greater or equal to 0.50 and there are at least twenty data points, in this study, the 
best fit regression equations based on the original datasets including both older and 
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Table 6-1: Single Linear Regression Models for Trip Generation at Iowa Elementary 
Schools based on Independent Variable Number of Students 
Time Data Included Single Linear Regression R2 Prob>F of Day Model 
Trips Enterin2 and Exitin2 the Driveways 
Group U - Before 1980 Schools 
AM All Group Sites T = 0.59 (X) + 45 0.3552 0.0245 
Confident Data in Group* T = 0.45 (X) + 98 0.3351 0.0621 
PM All Group Sites T = 0.26 (X) + 43 0.2240 0.0874 
Confident Data in Group* T = 0.15 (X) + 82 0.1639 0.2168 
Group S -After 1980 Schools 
AM All Group Sites Ln(T) = 0.88 Ln(X) + 0.21 0.8282 0.0007 
Confident Data in Group* Ln(T) = 0.88 Ln(X) + 0.25 0.8487 0.0032 
PM All Group Sites Ln(T) = 0.91 Ln(X) - 0.44 0.8141 0.0009 
Confident Data in Group* Ln(T) = 0.91 Ln(X) - 0.43 0.8126 0.0022 
All Sites 
AM All Sites Ln(T) = 0.77 Ln(X) + 0.95 0.5340 <0.0001 
All Confident Data* Ln(T) = 0.74 Ln(X) + 1.16 0.6008 0.0002 
PM All Group Sites Ln(T) = 0.82 Ln(X) + 0.10 0.5718 <0.0001 
All Confident Data* Ln(T) = 0.78 Ln(X) + 0.32 0.6181 <0.0001 
All Trips includin2 Offsite Dropoff/Pickup Trips 
Group U - Before 1980 Schools 
AM All Group Sites** T = 0.99 (X)-54 0.3834 0.0240 
Confident Data in Group*** T = 0.59 (X) + 92 0.4818 0.0260 
PM All Group Sites** T = 0.34 (X) + 59 0.1745 0.1556 
Confident Data in Group*** Ln(T) = 0.23 Ln(X) + 3.79 0.0765 0.5073 
Group S -After 1980 Schools 
AM All Group Sites** Ln(T) = 0.88 Ln(X) + 0.26 0.8039 0.0026 
Confident Data in Group*** Ln(T) = 0.88 Ln(X) + 0.27 0.8296 0.0043 
PM All Group Sites** Ln(T) = 0.94 Ln(X)- 0.61 0.8507 0.0011 
Confident Data in Group*** Ln(T) = 0.94 Ln(X) - 0.61 0.8507 0.0011 
All Sites 
AM All Sites** Ln(T) = 0.79 Ln(X) + 0.97 0.4391 0.0011 
All Confident Data*** Ln(T) = 0.74 Ln(X) + 1.29 0.5770 0.0004 
PM All Group Sites** Ln(T) = 0.71 Ln(X) + 0.91 0.4422 0.0010 
All Confident Data*** Ln(T) = 0.66 Ln(X) + 1.21 0.5274 0.0010 
Note: 
P-values in shading indicate insignificant equations 
Colored values satisfy the ITE criteria for acceptable equations. 
T = Average Vehicle Trip Ends during Peak Hour; X = Number of Students 
*Calculation was conducted excluding School U4, U9, U13, S2 and S3 for morning peak rates and School 
U4, U5, U13 and S3 for afternoon peak rates 
** Calculation was conducted excluding School U9 and S3 
***Calculation was conducted excluding School U4, U9, Ul 1, U13, S2 and S3 for morning peak rates and 
School U4, U5, U7, U9, U13 and S3 for afternoon peak rates 
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newer schools could be acceptable for use at elementary schools in Iowa urban or suburban 
areas for both morning and afternoon peak hour. 
Adjusting dataset by excluding potentially unreliable and atypical data did not appear 
to help improve linear trend of data for older schools and only help improve the logarithmic 
trend of newer school data during morning peak hour slightly. This is probably due to the 
varied trip generation characteristics in different older schools whether considering the 
atypical and possibly under-counted data or not, and the logarithmic trends of newer school 
data which are already pretty good and hard to be improved much. For combined dataset of 
old and newer school data, adjusting dataset appears to improve the accuracy of the 
regression equations for both morning and afternoon peak hour. 
After including off-site drop-off/pick-up trips, the statistical significance and R2 value 
of each equation show similar pattern with those based on only on-site trip ends. All 
equations are statistically significant at significant level of 0.10 except two for afternoon 
peak hour at older schools. In addition, none of the equations for older schools have a R2 
value of greater than 0.50 while all equations for newer schools have R2 values of greater 
than 0.80. Thus, all equations for newer schools could be used for future elementary school 
development in Iowa suburban areas. For sites including both older schools and new ones, 
the equations based on the adjusted datasets have R2 values of over 0.50 for both morning 
and afternoon peak hour while neither equation based on the original datasets does so. Since 
the adjusted datasets have less than 20 data points, none of the equations based on datasets 
including both old and newer schools are recommended to be used. 
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6.2.2 Number of Employees 
Figure 6-3 and 6-4 provide the regression results based on the independent variable 
"Number of Employees" for morning peak hour and afternoon peak hour, respectively. 
Actual point data plots, the best fit curve and the line with a slope of the weighted average 
rate are all plotted in each chart. Again, Figure 6-3 and 6-4 only show the results based on the 
adjusted dataset with confident data at both old and newer schools for either morning peak 
hour or afternoon peak hour. 
According to Figure 6-3 and 6-4, the actual data points seem consistent along with the 
increase of employee numbers. Similar with the pattern for the variable "Number of 
Students'', morning peak hour data are more dispersed than afternoon peak hour data and the 
point for School S9 with much higher total trip ends is located obviously away from the other 
points for the afternoon peak hour. 
The prediction lines based on weighted average trip generation rates are pretty close 
to the best fit curves, and these two curves are much closer to each other for afternoon peak 
hour than for morning peak hour, which is also similar with the pattern for the variable 
"Number of Students". The range for the independent variable "Number of Employees" with 
the most consistent predictions from either method is basically the whole range of the dataset 
for the afternoon peak hour and around 30 to 60 employees for the morning peak hour. 
In Table 6-2, the best fit regression equations based on only trips entering and exiting 
the school driveways as well as equations based on total trip ends including both on-site and 
off-site trip ends are presented. The equations based on either the original datasets or the 
adjusted datasets are also separately shown. Each of these results is given for Group U, 
Group S and All Sites. 
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As for the regression equations based on trips entering and exiting the driveways, 
according to Table 6-2, all regression equations for newer schools and those for the 
combination of older schools and newer schools are statistically significant at significant 
level of 0.10, while none of the regression equations for older schools are. In addition, the 
equations for older schools have fairly low R2 values that are even less than 0.10 for 
afternoon peak hour, representing almost no linear or logarithmic relationships. On the 
contrary, the R2 values for newer schools are pretty high and both of the two equations for 
afternoon peak hour have R2 values of greater than 0.75, which are appropriate to be used for 
future elementary school development in Iowa suburban areas. 
For the combination of older and newer schools, all equations have R2 values of over 
0.50 except the one for morning peak hour based on the original dataset. Again, since only 
the original dataset for either morning or afternoon peak hour includes more than 20 data 
sites, the best fit regression equation for afternoon peak hour is the only one that could be 
recommended for use at or new or old elementary schools in Iowa. 
As for the impact of adjusting dataset by excluding potentially unreliable and atypical 
data, since none of the regression equations are statistically significant at older schools, only 
the impacts for equations based on newer school data and those based on all sites including 
both older and newer schools are considered. Similar with that for the variable "Number of 
Students", adjusting dataset helped improve logarithmic trends of the combined dataset as 
well as the logarithmic trend of the newer school data for morning peak hour, while there is 
no obvious improvement for the logarithmic trend of the afternoon peak hour data at newer 
schools. 
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Table 6-2: Single Linear Regression Models for Trip Generation at Iowa Elementary 
Schools based on Independent Variable Number of Employees 
Time of Data Included Single Linear Regression R2 Prob>F Day Model 
Trips Entering and Exiting the Driveways 
Group U - Before 1980 Schools 
AM All Group Sites Ln(T) = 0.71Ln(X)+2.83 0.1509 Q,l699 
Confident Data in Group* Ln(T) = 0.67 Ln(X) + 2.97 0.1944 P.1J4~ 
PM All Group Sites Ln(T) = 0.46 Ln(X) + 3.15 0.0839 o.~1~1 
Confident Data in Group* Ln{T) = 0.29 Ln(X) + 3.77 0.0592 ().4710 
Grouo S -After 1980 Schools 
AM All Group Sites Ln(T) = 0.86 Ln(X) + 2.15 0.6152 0.0123 
Confident Data in Group* Ln(T) = 0.93 Ln(X) + 1.89 0.7210 0.0156 
PM All Group Sites Ln(T) = 1.03 Ln(X) + 1.00 0.8082 0.0010 
Confident Data in Group* Ln(T) = 0.98 Ln(X) + 1.03 0.8178 0.0020 
All Sites 
AM All Sites Ln(T) = 0.79 Ln(X) + 2.50 0.3822 0.0017 
All Confident Data* Ln{T) = 0.85 Ln(X) + 2.26 0.5089 0.0009 
PM All Group Sites Ln{T) = 0.94 Ln(X) + 1.33 0.5164 0.0001 
All Confident Data* Ln{T) = 0.91 Ln(X) + 1.44 0.5916 0.0001 
All Trips including Offsite Dropoff/Pickup Trips 
Group U - Before 1980 Schools 
AM All Group Sites** Ln(T) = 1.15 Ln{X) + 1.23 0.2484 0.0830 
Confident Data in Group*** Ln{T) = 0.94 Ln(X) + 2.07 0.3712 0.0615 
PM All Group Sites** Ln{T) = 0.84 Ln(X) + 1.92 0.2052 Q~t~~t 
Confident Data in Group*** Ln(T) = 0.62 Ln(X) + 2.75 0.2218 Jl(2~~9 
Group S -After 1980 Schools 
AM All Group Sites** Ln(T) = 0.82 Ln(X) + 2.34 0.5494 0.0353 
Confident Data in Group*** Ln(T) = 0.90 Ln(X) + 2.09 0.6409 0.0305 
PM All Group Sites** Ln(T) = 1. 03 Ln(X) + 1. 01 0.7944 0.0030 
Confident Data in Group*** Ln{T) = 1.03 Ln(X) + 1.01 0.7944 0.0030 
All Sites 
AM All Sites** Ln(T) = 0.80 Ln(X) + 2.54 0.3072 0.0091 
All Confident Data*** Ln{T) = 0.83 Ln(X) + 2.44 0.4853 0.0019 
PM All Group Sites** Ln(T) = 0.90 Ln(X) + 1.64 0.4747 0.0006 
All Confident Data*** Ln(T) = 0.89 Ln(X) + 1.68 0.6255 0.0002 
Note: 
P-values in shading indicate insignificant equations 
Colored values satisfy the ITE criteria for acceptable equations. 
T = Average Vehicle Trip Ends during Peak Hour; X = Number of Employees 
* Calculation was conducted excluding School U4, U9, Ul3, S2 and S3 for morning peak rates and School 
U4, U5, U13 and S3 for afternoon peak rates 
**Calculation was conducted excluding School U9 and S3 
***Calculation was conducted excluding School U4, U9, Ul 1, U13, S2 and S3 for morning peak rates and 
School U4, U5, U7, U9, U13 and S3 for afternoon peak rates 
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After including off-site drop-off/pick-up trips, the statistical significance and the R2 
value of each equation for older schools show much improvement. Two equations for 
morning peak hour become statistical significant, and all equations for both morning and 
afternoon peak hour have R2 values from 0.21 to 0.37. For newer schools, the similar 
significance pattern and R2 value are shown for each regression equation with that for the 
corresponding equation based on dataset including only on-site trips. Two regression 
equations for afternoon peak hour have R2 values of greater than 0.75, which are appropriate 
to be used for future elementary school development in Iowa suburban areas. For sites 
including both old and newer schools, only the regression equation based on the adjusted 
dataset in the afternoon peak hour has a R2 value of greater than 0.50, which means none of 
the equations based on the combined datasets are recommended for use. 
6.2.3 Single Linear/Logarithmic Regression Summary 
According to the previous analyses, some of the best fit linear or logarithmic 
equations satisfy the criteria recommended by ITE (2001, 2003) for acceptable equations to 
be used for future local development. However, because of the incompleteness of the off-site 
trip data, and the existence of some potentially unreliable and atypical data in the original 
dataset, only those acceptable regression equations which are based on the adjusted datasets 
including only on-site trips could be recommended for local use in the future. Other 
equations that also meet the ITE criteria could only be used as references. Table 6-3 lists the 
equations that are recommended to be used for future development at Iowa elementary 
schools as well as the equations that could only be used as references. 
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Table 6-3: Recommendations on Trip Generation Regression Equations for Iowa 
Elementar School Future Develo ment 
Time Single Linear Regression R2 
ofDa Model Source 





Number of Em lo ees 
Be ore 1980 Schools 
AM T = 7.96 (X)-138.14 0.69 ITE 




Equations in Gray are only used as references 
T = Average Vehicle Trip Ends during Peak Hour; X =Number of Students or Number of Employees 
* Calculation was conducted excluding School S2 and S3 for morning and School S3 for afternoon 
** Calculation was conducted excluding School U9 and S3 
***Calculation was conducted excluding School S2 and S3 for morning and School S3 for afternoon 
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6.3 Multiple Linear Regression Analysis 
In addition to the independent variable "Number of Students" and "Number of 
Employees", some other school status as well as some related socio-economic status of the 
school districts where each school is located in may also impact the total number of trips 
generated by the schools. In order to analyze which factors may impact the trips generated by 
the elementary schools and how they function together, multiple linear regression analyses 
were conducted based on several possible variables listed in Table 3-2. 
Because the incompleteness of the information about "School Boundary Area" and 
"Students Eligible for Free Transportation", the multiple linear regression analysis for all 
sites did not include these two variables. The analysis including each of these two variables 
was conducted afterwards only for the sites with available information. Table 6-4, 6-5 and 6-
6 show the results based on the three sets of variables, respectively. 
Table 6-4 represents the regression results based on variables excluding both "School 
Boundary Area" and "Students Eligible for Free Transportation" for all sites as well as for all 
sites with potentially reliable data. It seems that "Number of Students" and "Number of 
Employees" are the variables that impact the trips generated by the elementary schools most 
since all of the best fit equations in Table 6-4 include either one of these two variables, which 
also proves that the selection of these two variables as the main analysis factors in this study 
is appropriate. 
Other than the two main factors, "Percentage of Households in Poverty" is also 
shown significantly improving the predictabilities of two models for morning peak hour. The 
sign of the variable "Percentage of Households in Poverty" is negative in both equations, 
which means that the more the percentage of households designated to be poverty in a school 
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district, the less the total trip ends generated by an elementary school located in that school 
district during morning peak hour. This result could easily be understood in reality. The more 
the poor people in a school district, the less the average vehicles should be owned by the 
people in that school district, resulting in less passenger vehicles available to drop-off/pick-
up students from elementary schools located in that school district. 
Table 6-4: Multi-Linear Regression Models for Iowa Elementary School Trip 
Generation during Peak Hours 
Group Time of Day Multi-Linear Regression Model 
Orif!inal Data (23 sites) 
Group U AM T = 0.59 S + 45 PM T = 0.26 S + 43 
Group S AM T = 0.55 S -12.90 P + 76 
PM T=3.36E-14 
All Sites AM T = 0.50 S + 69 
PM T = 0.35 S + 9 
AdJusted Data* 
Group U AM T = 0.35 S - 4.82 P + 195 PM T=0.15S+82 
Group S AM T = 0.54 S + 30 
PM T=3.39E-18 
All Sites AM T = 0.47 S + 82 
PM T = 0.34 S + 9 
Note: 
Colored values satisfy the ITE criteria for acceptable equations. 
S =Number of Students 
E =Number of Employees 














* Calculation was conducted excluding School U4, U9, Ul3, S2 and S3 for morning peak rates and School 
U4, U5, Ul3 and S3 for afternoon peak rates 
Because only linear regressions were conducted, some R2 values are not as high as 
those for single-variate regression models which were chosen from linear and logarithmic 
forms as the better equations. However, the R2 values for newer schools are still higher than 
those for older schools, which is the same as the pattern in single-variate regression analyses. 
In addition, if based on the same criteria for acceptable equations as recommended by ITE 
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(2001) for single-variate regressions, the morning peak hour equation for newer schools 
based on original data and both morning and afternoon peak hour equations for all sites based 
on original data could be recommended for future local use. However, since the 
recommended multiple linear equations for all sites based on original dataset actually include 
only one variable "Number of Students", the best fit single-variate equations should be used 
instead of these equations. 
Table 6-5 gives the regression results based on all variables excluding "School 
Boundary Area" for ten sites with available information about percentage of students eligible 
for free transportation. The results for the adjusted dataset from the original ten sites 
including only confident data are also shown. 
According to Table 6-5, the variables "Number of Students" and "Number of 
Employees" are still the primary factors. Because the sizes of the datasets are all less than or 
equal to ten which are relatively small, some datasets could not generate significant 
equations. The only one equation with two variables is for older schools in afternoon peak 
hour. The variables of "Percentage of Students Eligible for Free Transportation" and 
"Median Household Value in School District" are included in this equation, with negative 
relationship between total trip ends and "Students for Free Transportation" and positive 
relationship between total trip ends and "Household Value". The results could be explained 
by causality. The more the free transportation provided by the schools, the more the students 
who are asked to take free busses to save their parent's time, resulting in the less total trip 
ends generated by the schools during peak hours. In addition, the more the average household 
value in the school district, the more the cars usually owned by the householders in that 
93 
school district, which increases the possibilities for students to be dropped off or picked up 
by passenger vehicles. 
Table 6-5: Multi-Linear Regression Models Including Free Transportation 
Information for Iowa Elementary School Trip Generation during Peak Hours 
Group Time of Day Multi-Linear Regression Model 
OriJ(inal Data (10 sites)* 
Group U AM --PM T = - 0.23 FT+ 0.00017 HV + 111 
Group S AM --
PM T = 1.94 E + 62 
All Sites AM T = 2. 79 E + 105 
PM T = 0.27 S + 27 
Adiusted Data** 
Group U AM --PM --
Group S AM --
PM T = 2.04 E + 48 
All Sites AM T = 0.31 S + 150 
PM T=2.26E+ 18 
Note: 
Colored values satisfy the ITE criteria for acceptable equations. 
S =Number of Students 
E =Number of Employees 
FT =Percentage of Students Eligible for Free Transportation 
HV = Median Household Value in School District (Dollar) 
*Calculation was conducted at School Ul, U7, U8, U12, U13, Sl, S3, S4, SS and S6 














According to ITE criteria, the afternoon peak hour equation for newer schools based 
on original dataset as well as the afternoon peak hour equations for the combination of older 
and newer schools based on either original dataset or adjusted dataset could be used for 
future local development. However, the high values of R2 for these equations could probably 
be caused by the small sizes of the datasets, which may ignore the possible impact of other 
schools with different characteristics from the schools in the datasets. In addition, since only 
one variable of either "Number of Students" or "Number of Employees" is included in the 
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four recommended equations, the corresponding best fit single-variate equations are more 
appropriate to be used. 
Table 6-6 shows the regression results based on all variables excluding "Students 
Eligible for Free Transportation" at eighteen sites with available information about school 
boundary area. The results for the adjusted dataset from the original eighteen sites including 
only potentially data are also shown. 
Table 6-6: Multi-Linear Regression Models Including School Boundary Area 
Information for Iowa Elementary School Trip Generation during Peak Hours 
Group Time of Day Multi-Linear Regression Model 
Original Data (18 sites)* 
Group U AM T = 0.44 S + 95 PM --
Group S AM T = 0.55 S - 11.40 P + 53 
PM T = 0.39 S-3 
All Sites AM T=0.41S+92 
PM T = 0.36 S + 3 
Adjusted Data** 
Group U AM T = 0.45 S + 103 PM --
Group S AM T=-52.55W+4103 
PM T= 3.92 E-63 
All Sites AM T = 0.44 S + 95 
PM T=0.35S+10 
Note: 
Colored values satisfy the ITE criteria for acceptable equations. 
S =Number of Students 
E =Number of Employees 
P =Percentage of Households in Poverty 
W = Percentage of Family with two or more workers 














**Calculation was conducted excluding School U4, U9, Ul 1, U13, Sl, S2 S3, S6 and S8 for morning peak 
rates and School U4, U5, Ul 1, U13, Sl, S3, S6 and S8 for afternoon peak rates 
According to the results in Table 6-6, "Number of Students" and "Number of 
Employees" are still shown as the main factors for trip ends generated by the elementary 
schools during peak hours. In addition, "Percentage of Households in Poverty" and 
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"Percentage of Families with Two or More Workers" are included respectively in the 
regression equation for newer schools based on original dataset and that based on adjusted 
dataset. Both of the variables "Percentage of Household in Poverty" and "Percentage of 
Families with Two or More Workers" are shown negatively related with trip ends generated 
by the schools during peak hours. The reason for the latter relationship is probably because 
the more the families with two or more workers, the less the flexibility of the parents' 
schedule to drop-off or pick-up the students, resulting in less passenger vehicle trip ends. 
This pattern should be more apparent at newer schools which are usually located in suburban 
area than at older schools which are usually located in neighborhood area, because of farther 
distances between the newer schools to either the students' home or the parents' working 
places. 
Both morning peak hour regression equations for newer schools could be 
recommended to be used based on ITE criteria (2001). However, because of the small sizes 
of the datasets for newer schools, the equations should be used carefully. 
6.4 Conclusions 
In this chapter, both single-variate regression and multi-variate regression analyses 
were conducted to find best equations in predicting peak hour traffic for future development 
oflowa elementary schools as well as to look for the possible impact of the school socio-
economic environment on the trip ends generated by the schools during school peak hours. 
Table 6-3 gives the recommended single linear/logarithmic equations based on the 
variables "Number of Students" and "Number of Employees" as references for future 
development of either old or newer schools in Iowa. 
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As for multi-linear regression analysis, only three equations were recommended for 
future local use as shown in Table 6-7. However, the impact of some variables other than the 
two used in single-variate regressions on total trip ends generated by Iowa elementary 
schools were also shown, such as negative relationship between percentage of students 
eligible for free transportation at each school and total trip ends, negative relationship for the 
poverty status in the school districts where each school is located in, positive relationship for 
the median household value in the school districts, and negative relationship for the 
percentage of families with two or more workers in the school districts. 
Table 6-7: Recommended Multi-Linear Regression Equations for Iowa Elementary 
School Future Development 
Group S AM T = 0.55 S-12.90 P + 76 (Model 1) 0.7848 
Group S AM T = 0.55 S-11.40 P + 53 (Model 2) 0.8103 
All Inde endent Variables Exce t FT (Ad'usted Data at 4 sites)** 
Group S AM T = - 52.55 W + 4103 (Model 3) 0.9735 
Note: 
FT = Percentage of Students Eligible to Free Transportation 
A = School Boundary Area 
S = Number of Students 
P = Percentage of Households in Poverty 
W =Percentage of Family with two or more workers 
*Calculation was conducted based on data at School S2, S3, S4, S5, S7 and S9 
** Calculation was conducted based on data at School S4, S5, S7 and S9 
Figure 6-5 to Figure 6-7 show the comparison between the morning peak hour trip 
end prediction based on ITE models and that based on each of the three recommended 
equations listed in Table 6-7 for the sites each recommended equation was based on, 
respectively. According to the figures, the three models that were built based on the local 
data give better predictions of the actual trip ends than ITE models. ITE student-based model 
basically under-predicts the trip generation; ITE employee-based model predicts the trip 
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generation well for the schools with relatively small size, while over-predicting the trip 
generation for the schools with relatively large size. 
Since the independent variables included in all recommended regression equations are 
within specific ranges according to the different dataset that each equation is based on, the 
recommended equations should be used with caution when the values of the independent 
variables for new development are beyond such ranges. Moreover, cautions should be used 
for the equations based on data from less than four sites due to lack of accuracy for the 
limited sample size. 
Comparison between Model 1 Prediction and ITE Model Prediction 
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Figure 6-5: AM Peak Hour Trip Ends Prediction Comparison between ITE Models 
and Model 1 for All Newer Sites 
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Figure 6-6: AM Peak Hour Trip Ends Prediction Comparison between ITE Models 
and Model 2 for the Six Newer Sites that Model 2 Was Based upon 
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Figure 6-7: AM Peak Hour Trip Ends Prediction Comparison between ITE Models 
and Model 3 for the Four Newer Sites that Model 3 Was Based upon 
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Chapter 7. Conclusions and Recommendations 
7.1 Conclusions 
This study had two objectives. The first one was to recommend appropriate trip 
generation rates or equations as local references to help accommodate the future development 
of elementary schools in Iowa. The other one was to identify trip generation characteristics 
during school peak hours at elementary schools in Iowa and evaluate the impact this has on 
mitigation of current traffic operation and safety problems around schools. 
In order to accomplish these goals, trip generation data were collected at twenty-three 
elementary schools in urbanized and suburbanized areas oflowa. The data collection were 
conducted during school peak periods, since peak hour trip generation rates/equations are 
actually utilized in transportation planning process and the largest traffic operation and safety 
problems always occur during peak periods. Based on the collected data, data analyses were 
conducted for schools built before 1980 and those constructed after 1980 separately since 
differences of trip generation characteristics were reported between older schools and newer 
schools. 
The trip generation characteristics during school peak hours were analyzed in terms 
of trip distribution through time, peak characteristics, off-site drop-off/pick-up and 
transportation mode distribution. 
In addition, the local trip generation rates/equations during school peak hours were 
established and compared with the corresponding rates/equations provided by ITE (2003). 
According to ITE criteria, recommendations on appropriate trip generation rates/equations 
for local use in Iowa were then given. 
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Moreover, possible impact of some socio-economic factors on the trip ends generated 
by elementary schools, which are either specifically about each school or about school 
environment that was defined as school district where each school is located in, were also 
evaluated by building best fit multiple linear equations. 
Since off-site drop-off/pick-up trip ends were observed and documented in most of 
the study sites, the impact of the off-site trips on trip generation was also analyzed. 
7.2 Trip-Generation Characteristics at Elementary Schools in Iowa 
First of all, trips in the morning peak hour were found much higher than those in the 
afternoon peak hour at most schools, which may have been due to attendance at after-school 
programs that delayed a large percentage of afternoon trips or due to more children walking 
or taking the bus in the afternoon since there is big offset between school dismiss time and 
afternoon commute from work for many parents. 
According to the analysis on trip distribution through time, the peak trip-generation 
periods for older schools and newer schools were similar, which were around 55 ~ 50 
minutes before school start to 5 minutes after in the morning and 35 minutes before school 
dismiss to 30 ~ 35 minutes after in the afternoon. Peak time for morning was around 10 
minutes before school start with peak 15-minutes of 20 ~ 5 minutes before school start; and 
peak time for afternoon was around 5 minutes after school dismiss with peak 15-minutes of 
from 10 minutes before school dismiss to 5 minutes after. 
As for peak characteristics, traffic at newer schools were more concentrated than that 
at older schools in the morning peak period, while older schools and newer schools had 
similar peak traffic pattern in the afternoon. In addition, traffic at newer schools was more 
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concentrated in the morning than in the afternoon, while the opposite case occurred for traffic 
at older schools. Considering that more trips occurred in the morning peak period than those 
in the afternoon peak period, for newer schools, morning peak traffic such as peak 15-
minutes traffic might induce traffic operation or safety problems in school zone with more 
possibilities than afternoon peak traffic, while for older schools, morning and afternoon peak 
traffic might induce school zone traffic operation or safety problems with similar possibilities. 
The conclusions made above were all based on trip ends entering and exiting the 
school driveways. However, vehicles dropping off or picking up students on adjacent streets 
were also observed at most study sites. It was found that older schools had much more off-
site drop-off/pick-up trips than newer schools and the off-site trips in the afternoon peak 
period at older schools were much more than those in the morning peak period. 
Other than the traffic entering and exiting the schools, high off-site drop-off/pick-up 
traffic during peak periods also accounted for the actual through traffic on the streets adjacent 
to the schools. In addition, these off-site vehicles were observed narrowing the streets which 
may increase the possibility of queuing on street, stopping and leaving at any time even 
though there were students crossing the streets in front of them, increasing the possibility for 
the students to cross the streets without order when their parents parked the vehicles on the 
other side of the streets, etc. Therefore, older schools most of which have large percentages 
of off-site drop-off/pick-up vehicles during peak periods, especially afternoon peak period, 
seemed to have much more traffic operation and safety problems around schools than newer 
schools most of which have few or even no off-site drop-off/pick-up trips. 
At the same time, according to the analysis on transportation mode distribution, 
evidence suggested that much more pedestrians and bicycle trips occurred at older schools 
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than at newer schools, while much more students taking buses at newer schools than at older 
schools. These facts made the traffic operation and safety problems at older schools even 
worse while not impact the status at newer schools much. 
To sum up, in order to mitigate the current traffic operation and safety problems, for 
newer schools most of which are located in suburbanized areas, the queuing on the adjacent 
streets which is induced by vehicles entering and exiting the schools during peak periods is 
the major problem which needs consideration, while for older schools most of which are 
located in urbanized area, the queuing as well as the possible problems induced by on-street 
drop-off or pick-up vehicles need to be considered. 
7.3 Trip Generation Estimation for Future Development at Elementary Schools in 
Iowa 
7.3.1 ITE Criteria 
In ITE Trip Generation Handbook (2001 ), the criteria for validation of ITE 
rates/equations for local use include a primary aspect. If the trip generation rates at sites 
surveyed locally include at least one rate higher than average rate in ITE and one lower, or 
the percentage differences between the weighted average rates based on local data and the 
corresponding average rates in ITE are less than 15%, ITE rates/equations should be 
considered valid for local use. This criterion was the major one that was used in this study to 
determine the validation oflTE rates/equations for local use in Iowa and the necessity of 
establishing local rates/equations. 
In addition, a procedure of selecting appropriate Trip Generation average rates and 
equations was recommended by ITE (2001) as shown in Figure 7-1. 
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Figure 3. i Recommended Procedure for 
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Figure 7-1: Recommended Procedure for Selecting Between Trip Generation Average 
Rates and Equations (ITE, 2001) 
According to the recommended procedure, if either the data plot has at least 20 points 
or the value ofR2 is equal to or greater than 0.75, the regression equation is recommended to 
be used; if there is no regression equation provided and the standard deviation of the 
weighted average rate is not greater than 110% of the rate, the weighted average rate is 
basically recommended to be used. Although these criteria were supposed to be applied on 
ITE rates/equations, the same criteria for an acceptable use of the local weighted average 
rates or equations were also recommended by ITE (2001). 
Moreover, in ITE Trip Generation, the best fit regression curves were claimed to be 
shown only when the value of R2 for the curve is equal to or greater than 0.50 and the 
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number of trips increases as the size of the independent variable increases (ITE, 2003). Since 
the number of trips collected in this study increases as the size of either number of students 
or number of employees increases, only the criterion based on the R2 value was considered 
primarily. Combined with the criterion based on data point numbers for acceptable regression 
equations as shown in Figure 7-1, other than the equations with the value ofR2 equal to or 
greater than 0.75, the equations with the value ofR2 equal to or greater than 0.50 when the 
data plot has at least 20 points are also acceptable to be used. 
As a result, the above two criteria for acceptable trip generation equations were overall 
used in this study when determining the acceptability of the recommended local equations. 
Since the concentration of the collected data were pretty good, and the standard deviation of 
each local average rate was much smaller than 110% of the rate, all recommended local rates 
were believed to be acceptable without further testing. 
7.3.2 Local Trip Generation Estimation in Peak Hours 
After comparison between the calculated average rates based on local data and the 
corresponding ITE rates, the rates based on the independent variable "Number of Students" 
were all higher than ITE rates with percentages of at least 30% while the rates based on the 
variable "Number of Employees" were basically within 15% differences with ITE rates. 
Therefore, for employee-based rates/equations, ITE rates/equations were still valid, while for 
student-based rates/equations, local rates/equations were recommended to be used. In 
addition, for student-based rates, morning rates for older schools were significantly higher 
than those for newer schools, while afternoon rates looked similar to older and newer schools. 
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The recommended peak hour trip-generation rates are listed in Table 5-6 for local use at 
elementary schools in Iowa urbanized or suburbanized area. 
The best fit linear/logarithmic regression analyses based on both variable "Number of 
Students" and "Number of Employees" were conducted. The results showed that the 
regression equations for newer schools had much higher values ofR2 than those for older 
schools, and the R2 values for most newer school equations were greater than 0.75 including 
the employee-based equation in the afternoon peak hour, while the R2 values for all older 
school equations were less than 0.50. As a result, for older schools, ITE equations were 
recommended for use with both independent variables, although local equations were 
supposed to be built for the variable "Number of Students". On the contrary, local equations 
were acceptable to be used for newer schools only except employee-based morning peak 
hour equation. Although no local equations for the variable "Number of Employees" were 
necessary to be built, since the value ofR2 for local employee-based afternoon peak hour 
equation at newer schools was much higher than that for the corresponding equation in the 
ITE Trip Generation (2003), the local equation was selected instead of the ITE equation 
which is also valid for local use. The recommended peak hour trip-generation equations are 
listed in Table 6-3 for local use at elementary schools in Iowa urbanized or suburbanized 
areas. 
Three multiple-liner equations for newer schools in the afternoon peak hour were also 
recommended for use with the independent variable of "Number of Students" as well as the 
variables "Percentage of Households in Poverty" and "Percentage of Family with Two or 
More Workers" for school districts where each school is located in. However, since these 
equations were all based on datasets with small sample sizes, they should be used carefully. 
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All analyses above were only based on trips entering and exiting the school driveways. 
However, for older schools, off-site drop-off/pick-up vehicles were proved to contribute to 
the actual through traffic during peak periods on the streets adjacent to the schools and also 
possibly make the traffic operation and safety problems worse in school zones. As a result, if 
the transportation planners and engineers need to estimate the traffic improvement for future 
development of old elementary schools in Iowa, relatively higher trip generation rates than 
the recommended ones in Table 5-6 and relatively higher traffic than the results calculated 
from the recommended equations in Table 6-3 should be considered. At the same time, for 
future development of new elementary schools in Iowa, the recommended trip generation 
rates and equations could be used as references. 
7.4 Impact of Socio-Economic Factors on Trip Generation 
By generating correlation coefficient matrix and conducting multiple linear regression 
analysis, the impact of several possible socio-economic factors as listed in Table 3-2 on peak 
hour trip generation of the schools were evaluated. 
As a result, there was no apparent relationship between school boundary area and peak 
hour trip generation at Iowa elementary schools, while negative relationship between 
percentage of students eligible for free transportation and peak hour trip generation. In 
addition, negative relationships were found for both percentage of households in poverty and 
percentage of families with two or more workers; positive relationships were found for 
median house value. 
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7.5 Recommendations 
Most of data in ITE were collected from suburban schools for convenience of data 
collection since automatic traffic recorders were typically utilized. However, according to the 
characteristics of the elementary school, in reality, at least half of the elementary schools are 
located in neighborhood area rather than suburban area. In addition, the differences between 
trip generation characteristics at older schools most of which are neighborhood schools and 
trip generation characteristics at newer schools most of which are suburban schools were 
proved for Iowa elementary schools in this study and also reported for schools in South 
Carolina. As a result, in the future, trip generation rates/equations of elementary schools in 
ITE Trip Generation should probably be established separately for older schools and newer 
schools, or be established based on the combined dataset of both new and older school data. 
In this study, regular trip generation rates and equations during peak hours were 
recommended specifically for future development of elementary schools in Iowa. 
Additionally, considering the possible impact of off-site drop-off/pick-up trips on either 
through traffic on the adjacent streets or traffic operation and safety problems around 
elementary schools, especially older schools, total trip ends including trip ends 
entering/exiting the schools as well as off-site drop-off/pick-up trips were also tried in 
establishing trip generation rates and equations. Although these results should be able to give 
estimations for trips generated by the schools that could reflect the actual activities around 
school zones during peak hours more exactly, especially for older schools, because of data 
incompleteness of the off-site drop-off/pick-up trips, the results based on total trip ends from 
this study could only be used as references rather than in directly estimating total trip ends 
for future development oflowa elementary schools. Therefore, the information about off-site 
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drop-off/pick-up trips with more accuracy are recommended to be documented along with 
trip generation rates/equations for elementary schools in the future work. 
In addition, in this study only the schools with limited and concentrated driveways that 
were suitable for limited data collectors were selected, while actually many elementary 
schools have more than three driveways or dispersedly located driveways. Since it is not sure 
if the analysis results in this study also represent the trip generation characteristics and trip 
generation rates for the schools that need more data collectors, in the future trip generation 
study, the schools with many or dispersed driveways are also recommended to be included 
other than the schools with limited driveways. 
109 
References 
1. Institute of Transportation Engineers. "Trip Generation," J1h Edition. Washington. D.C., 
2003. 
2. Institute of Transportation Engineers. "Trip Generation Handbook." Washington. D.C., 
2001 
3. U.S. Department of Transportation Federal Highway Administration. "Transportation 
Characteristics of School Children," Report No. 4. Nationwide Personal Transportation 
Study. Washington, D.C., July 1972. <http://www.fhwa.dot.gov/ohim/1969/q.pdf> 
(viewed June, 15 2005) 
4. U.S. Department of Transportation Federal Highway Administration. "Status of the 
Nation's Highways, Bridges, and Transit: 2002 Conditions and Performance Report." 
<http://www.fhwa.dot.gov/policy/2002cpr/ch13.htm> (viewed June, 15 2005) 
5. Sturm, R. "Childhood Obesity - What We Can Learn From Existing Data on Societal 
Trends, Part 2." Preventing Chronic Disease-Public Health Research, Practice, and 
Policy, Vol. 2, No. 2. Centers for Disease Control and Prevention. April 2005. 
<http://www.cdc.gov/pcd/issues/2005/apr/04_0039.htm> (viewed June, 15 2005) 
6. Hoyle, C. "Walking to School," Presentation for Sixth Annual Planning Institute 
Community Design for Healthy Lifestyles. American Planning Association's professional 
institute. Urbana, IL, March 2005. 
<http://www.cumtd.com/presentations/WALKING_TO_SCHOOL.pps> (viewed June, 
16 2005) 
7. Slipp, P. "Trip Generation Rates for High Schools in Urbanized Counties of North 
Carolina." Master's Thesis. North Carolina State University, Raleigh, 1994. 
110 
8. Slipp, P. and Hummer, J. "Trip Generation Rate Update for Public High Schools." !TE 
Journal, June 1996, pp.34-40 
9. Balmer, A. "Trip Generation Rates for Consolidated Schools in West Virginia." Master's 
Thesis. West Virginia University, Morgantown, 1999 
10. Balmer, A., French, L., Eck, J. and Legg, J. "Trip Generation Rates of Consolidated 
Schools." !TE Journal, August 2000, pp.30-34 
11. Conlin, R. "Trip Generation Rates for High Schools and Community Colleges in the 
Chicago Area." Technical Memorandum 86-02. Chicago, 1986 
12. Winkle, J. and Kinton, S. "Parking and Trip Generation Characteristics for Day-Care 
Facilities." !TE Journal, July 1994, pp. 24-28 
13. Institute of Transportation Engineers. "Trip Generation," 6th Edition. Washington. D.C., 
1997 
14. Institute of Transportation Engineers. "Trip Generation," 5th Edition. Washington. D.C., 
1991 
15. Kleinbaum, G., Kupper, L., Muller, E. and Nizam, A. "Applied Regression Analysis and 
Other Multivariable Methods," 3rd Edition. Pacific Grove, CA, 1998. 
16. Menard, S. "Applied Logistic Regression Analysis," 2nd Edition. Sage University. 
Thousand Oaks, CA, 2002. 
17. Kouri, C. "Wait for the Bus: How Low Country School Site Selection and Design Deter 
Walking to School and Contribute to Urban Sprawl". South Carolina Coastal 
Conservation League. Charleston, WV, 1999. 
<http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_Ol/OOOOOOOb/80/25/51/49. 
pdf> (viewed Sep., 18 2005) 
111 
18. Nordberg, M. "School Bus Rescue." Advanced Rescue Technology, May/June 1998. 
<http://www.advancedrt.com/articles/rtarticles/schoolbus.html> (viewed Sep., 28 2005) 
19. Bennett, W. "The Index of Leading Cultural Indicators: American Society at the End of 
the 20th Century." New York, 1999. 
20. Beaumont, C. and Pianca, E. "Why Johnny Can't Walk to School," 2nd Edition. National 
Trust for Historic Preservation. Washington D.C., 2002. 
<http://www.nationaltrust.org/issues/schoolsRpt.pdf> (viewed Sep., 30 2005) 
21. U.S. Department of Transportation Federal Highway Administration. "Site Impact 
Traffic Evaluation (S.I.T.E.) Handbook," Final Report. Washington D.C., 1985. 
112 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 0 9 0 0 1 0 5 43
 
0 
......
 
......
 
-.
J 
